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Abstraet

Waveguide computer-generated-hologram elements are a new type of integrated aptics
compenents. Like their free-space counterparts, they extensively use the wave nature
of light to control the propagation of light in a flexible way through difftaction. Their
inherent multifunctionality can potentially be used in integrated aptics devices tw
make them smaller, cheaper, more robust, and/or simpler to align and package.

Introduction: free-space CGHs

In this introduction we take a brief lock at {tee-space
computer-generated-holograms  (free-space  CGHs)
which have inspired the work on waveguide CGHs
which will be described in the rest of the paper.
Free-space CGHs, where the light propagates in air
before and after the CGH, are already an established
photonic technology {or controlling the propagation
of light in a highly flexible way. More than other
optical techrugues, CGHs use the fact that light is a
wave, CGHs are diffractive elements and work
mainty by phase modulation of the lighi. The phase
modulation function is complicated and 15 designed
numerically with computers.

The past two decades’ research on and applications of
free-space C(GHs have shown that CGHs

(m)

- are suitable for mass production since they are often
realized as shallow surface reliefs. One example 13
fabrication by compact-dise replication tec.hmquesﬁ,
see Fig. I{a).

- can have a high sfficiency (CGHs are often non-
absorbing).

- can implement functions not obtainable with
conventional optics’.

- can be highly mubtifunctional: many functions can
be included in one component which leads to small
and robust optical systems with few components and
lower costs for assembly and packaging. The
multifunctionality is exemplified in Fig. 1(b) where
a single CGH 18 producing 20 focal points along a
line {the intensity in the foci becomes so high that a
visible gas discharge (s created locally)

iaser beam
{invisible}
e

)

Fig. 1. Free-space CGHs: {a) replicated in polymer, (b) creating a plasma with 2 tallor-made spatial distribution

{the CGH s hidden inside the lefl metal electrode where it 18 hit by a high power laser beam).



Waveguide CGHe - 3 new type of integrafed
opiics

The advanfages of free-space CGHs have encouraged
work on CCGHs in waveguides. We have investigated
waveguide CGHs in the form of so called grating
couplers. They can perform functions similar to free-
space CGHs but have an important additional
function: the coupling of light from the waveguide
into free-space or vice versa, (Grating couplers can be
used, eg., as the interface between the main
components (laser, fiber, and detectors) in the fiber
optical COmmucation nerwork. The
multifunctionality of the grating couplers reduces the
complexity of the interface which leads 1o fewer
processing steps in the fabrication and & simplitied
assembly of the optical system,

A grating coupler can be either neoupling or
cutcoupiing. /ncoupling is shown in Fig. 2(a). The
bagic function is to collect the incident lght, in this
case {rom the tip of an optical fiber, and launch it as
a guided wave in the semiconductor waveguide. Used
at the receiving end of an optical communication
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Fig. 2. Waveguide COHs: (z) [nput grating coupler. (b) Output grating coupler.

system, detectors can be integrated in the same
sermiconductor material for conversion of the optical
signal to an electrical. Qutcoupling is also possible
as shown in Fig. 2{b). The figures also show that
additional optical functons, such as focusing and
bearn-splitting, can be built into the couplers just as
for free-space CGHs.

Waveguide CGH structure

The waveguide CGH is a structure eiched into the
surface of the waveguide. It consists of small
porfions of grating lines that together make up the
entire coupler area. The local position of a grating
line depends on the function that the coupler
implements, In practice, 1o facilitate both the design
and fabrication, the coupler area is divided into small
square areas, cells, within which a number of grating
lines are etched. The grating line separation, A, is
constant in alt celis but the grating lines inacell s a
whole can be shifted, or dislocated, which s shown
in Fig. 3. 1t is the dislocation that imposes the phase
modulation of the light and enables the high
functionality”,

Examples of wavegnide CGHs
a} Incoupling with complex launch schemes

It is possible to design the couplers for launching the
incoupled Light both “forward™ and “backward” at the
same time as focusing and beam-splitting is imposed
on the guided wave’. This is a compact method to
send light into opposite directions in a phutonic
mtegrated circuit. Figure 4 shows the simulated
performance of such 2 coupler and photographs taken
of both edges of the waveguide showing that the
desired functions were obtained.
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Fig. 4. Simulated and experimental performance of input coupler with bidirectiona! launching,

b} Incoupling with polarization independence

In fiber communpication, the output from the fiber in
most cases has an unknown smte of polarization
Therefore it is often highly desirable to make the
input grating couplers function independently of the
polarization. Generally, gratmg couplers are highly
polarization sensitive but with the new design 1t is
possible to obtain almost complete pelarization
independence, see Fig. 5.

¢} incoupling with WOM capabifity

Input couplers that separate and focus the incident
light 1o different positions have been designed and
fabricated.” One example is shown in Fig. 6 where
the chanmel separation s 10 mm. A simular
expenment was made with a coupler having a 2 nm
chanmel separation. This separation is of inmterest,
ez, n local area (access) optical aetworks and is
sometimes referved to as "coarse WDM”,

conventiona) % :
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Fig. 5. Measured polarization response of the input
coupler designed for polarization independence {solid Iine}
and for a conventional grating coupler (dashed line).

d} Outcoupling: "Laser system on a chip”

Output grating couplers have been integrated with in-
plane semiconductor lasers to form monolithic and
highly functional laser sources, see Fig. 7, in this
example to produce the intensity distibution of the
stellar constellation Big Dipper {Ursa Major) at some
distance above the waveguide surface, Unfortunately,
the more complex output gratings also give a more
complex feedback which cannor be avoided with
simple wavelength detuning as for regular output
gratings. The upper right figure shows that the
feedback is focused into rays with high intensity in
the gain section which disturbs the laser and leads o
the outpur becoming distorted as is seen in the upper
lefl figure. We are currently working on an output
couplar design that gives a desired fesdback as well
as output. By designing for reduced feedback we
hope 1o obtain near diffraction limited output. By
instead designing for controfled feedback into the
cavity, the ourput coupler can also work as a
sophisticated feedback grating potentially giving a
laser source with unique properties.

Conciusion

Waveguide computer generated holograms  are
diffractive elements that more than most optical
waveguide slements make use of the wave nature of
lght, In this way they can perform & number of
functions simultanecusly and stil} have 2 small size.
Thers are still problems o be solved before these
components  become  commercially  attractive:
especially for the input coupiers, the efficiency has so
far been very low {of the order of one or a few
percent). The present research i3, among other things,
directed toward increasing the efficiency by using an
optimized grating structure,
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Fig. 6. Bxperimental results of an input grating coup
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Fig. 7. Simuwiated and experimental effects of uncontrolled feedback from the waveguide CGH when

integrated to form a monolithic laser-system-on-a-chip.




