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Abstract
In this project, optical waveguides are analyzed with the intention of ex-
plain the principles of confine and guide light by using materials with a
specific refractive index. The waveguide fabrication process in a silicon
wafer is review as for the different type of devices or waveguides. Op-
tical measurements within a double slot grating couplers are performed
achieving a waveguide loss of 0.01dBm/µm and a total efficiency of
25.5% per grating coupler. And an attempt to explain the different
phenomena that causes a detrimental effect in the results as cleanliness
conditions, equipment or the Gaussian beam effect is done.
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Chapter 1

Introduction

As time goes by, the new technological devices have increased the demands
in functionality and range of applications and therefore the number of integrated
transistors per device has grown at a top speed. This is accomplished by scaling
down the dimensions of the transistors but in turn, it requests a continuous fight
against the limitations that scaling the size of transistors involve and specially the
miniaturization of the interconnections that powers those transistors.

These interconnections are made of copper wires and they suffer of several draw-
backs while they are scale down that affect the overall performance of the devices.
The first problem arise with the wire resistance as it increases as the interconnects
are miniaturized, causing high temperatures in the devices that slows down the
speed of the processors and the probability of melt the wires themselves. Another
problem is the current density as it also increases with the scaling of the inter-
connections. The heat produced by the current density break up the metal bonds
that conform the copper wires, making the atoms migrate and therefore leaving
behind cuts in the wires affecting the lifetime of the devices. This is known as
electromigration.

A solution to all these problems can be approached from another angle by intro-
ducing optical waveguides to perform the task of interconnects so the copper wires
can be replaced and at the same time, the system performance can be improved by
taking advantage of the speed of light.

The following thesis is based in the characterization of the aforementioned opti-
cal waveguides and it analyzes the method used to couple light into the waveguides,
how effective it is and also an attempt to find out what are the causes responsible
for a loss in the amount or power of light that is sent from the power source. The
measured devices comes from the already started project in [1].
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Chapter 2

Theory

2.1. Waveguide Slot

To be able to confine light, materials based on high-index contrast are used. For
the same purpose, light is guided through these materials by total internal reflection
achieved when using a high index material surrounded by a low index material. The
procedure is shown in Figure 2.1, where a low refractive index slot (n2) is embedded
between two high refractive indexes slabs (n1) and then surrounded by a cladding
layer (nc) with a low refractive index. This is known as wavegide slot.

Figure 2.1. Waveguide slot

In order to maintain the continuity of the electric flux density in the z or normal
component (Dz = εzEz ) while traveling between the boundaries of the low-index
region into the high-index, the electric field must compensate the discontinuity
caused by the difference between the surface charge density of both materials. This
discontinuity is used to confine light into the low-index material (n2) [2].

3



CHAPTER 2. THEORY

2.2. Waveguide Fabrication Process

The process starts by thermally growing a 1.26µm layer of SiO2 on a silicon
wafer (Figure 2.2). The procedure works by introducing the silicon wafer into a
furnace capable of distribute a gas uniformly, in this case O2 or H2O (if dry or
wet oxidation) at a temperature between 600◦C and 1200◦C [3]. The main reason
for growing this gigantic SiO2 is to prevent the diffusion of light into the silicon
substrate.

The next step i to deposite a 180nm layer of amorphous silicon (a-Si) by lower
pressure chemical vapor deposition (LPCVD) with the intention of having a high
refractive index material (n = 3.45) as explained in section 2.1. In this step, the
wafer is introduced in a chamber with other gases that after they react, it deposits
a film of the desired material on the top of the wafer. Polysilicon crystals could
also be considered because of its high refractive index but having a structure with
different oriented crystals would increase the boundary grain and therefore the light
scattering achieving worse results than with a-Si.

Figure 2.2. Schematic process flow. This schematic shows the formation of one slot
as the process for its deposition is repeated twice and there is no necessity of being
redundant. Despite that, the final step contains the two slots.

The slot formation is done by atomic layer deposition (ALD), this is a modifica-
tion of the CVD method used to deposit very thin films, normally high-k materials,
in this case a 25nm layers of Al2O3 (n = 1.7). Briefly, the method works in cycles
which consists of introducing a precursor in a chamber to react with the silicon
groups located at the substrate surface, these adhere by bonding and a very thin
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2.3. DIE STRUCTURE

film is formed. The precursor gas is then evacuated and the process is repeated one
more time in order to complete a full cycle. The number of cycles determine the
thickness of the layer giving a total growth control [4].

Another 180nm layer of a-Si is deposited to sandwich the slot and then a hard
mask of SiO2 is deposited by plasma enhanced chemical vapor deposition (PECVD).
In this case, the wafer is introduced in a chamber between two electrodes and by
radio frequency (RF) a voltage drop is applied at the electrodes generating plasma
that later on would deposite the layer of SiO2.

The photoresist sensible to the UV light is sputtered on the top of the wafer
and then by using a mask with the desired pattern, the photolithography step is
performed. After etching the wafer and removing the photoresist, the cladding layer
of SiO2 (n = 1.46) is deposited fulfilling the requirements for fabricate a waveguide
slot.

2.3. Die Structure

The mask used at the photolithography step mentioned in section 2.2, contains
the design of the different waveguides and grating couplers (together known as
devices). Depending on the lens or size reduction chosen at the lithography stepper,
this design can be reproduced in a single wafer many times. This leads to a silicon
wafer divided in as many squares as the design has been patterned on it. These
squares are called dice and they are exact replicas of each other (Figure 2.3)

Figure 2.3. A silicon wafer containing rows and columns of dies patterned with the
same design.

A single die in the fabricated wafer (Figure 2.2) contains both planar (Figure
2.4(a)) and tapered waveguides (Figure 2.4(b)). The tapered waveguides differ from
the regular ones in that its lateral size decreases gradually until it reaches a point
where it stops shrinking, then the waveguide is stretched over a certain length to
finally increase the lateral size back to its original.
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(a) Planar waveguide

(b) Tapered waveguide.

Figure 2.4. Types of waveguides (view from the top).

Tapered waveguides are used to adapt the mismatch between the size of the
optical fiber and the waveguide [5]. The structure is composed of an initial size,
the tapered part which is formed by discontinuities and the final length, this is, the
straight-like waveguide (Figure 2.5). By having these structures, achieve an effective
connection is easier as in order to couple light, the size of the input or intial length
is higher than the waveguide itself and therefore reducing the loss.

Figure 2.5. Tapered waveguide showing the transition from the initial length to the
final (Adapted from [6]).

The structure of a single die consists in tapered waveguides in the upper half and
planar waveguides in the lower half of the die. The planar waveguides are arranged in
two columns following a decreasing order from left to right by grating period (Figure
2.6). Different sizes of grating periods are fabricated and each grating period comes
with four different waveguide lengths. Table 2.1 shows the classification of grating
periods and waveguide lengths.

Even that the experiment was focused on the characterization of the grating
couplers for the planar waveguides, measurements for tapered waveguides were also
performed but no conclusive results were obtained.
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2.4. GRATING DIFFRACTION

Table 2.1.

grating period (nm) waveguide length (µm)
530 200, 600, 1000, 1400
525 200, 600, 1000, 1400
520 200, 600, 1000, 1400
515 200, 600, 1000, 1400
510 200, 600, 1000, 1400
505 200, 600, 1000, 1400
500 200, 600, 1000, 1400
495 200, 600, 1000, 1400
490 200, 600, 1000, 1400
485 200, 600, 1000, 1400

Figure 2.6. Small part of a die showing three different grating periods each of them
with its four waveguides.

2.4. Grating Diffraction

When light strikes in the slits of the grating couplers (Figure 2.7), it splits and
disperses in many directions causing the diffraction phenomena. Depending in the
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CHAPTER 2. THEORY

period or spacing of the slits, the diffracted light can interfere giving rise to peaks
(constructing interference) or valleys (cancel between waves).

A part of the diffracted energy would go through the waveguide and another
part would go out of it. In order to achieve the maxima, this is, when the diffracted
beams interfere to achieve the maximum intensity, the angle of the incident beam
must satisfy Bragg’s law. The variant of the Bragg’s law used for further calculations
is theoretically determine in [7]

Λ = 2λ0/(nupurt
eff + npurt

eff + 2ncsinθ
c) (2.1)

Where Λ is the grating period, λ0 is the wavelength where the maximum in-
tensity is located, nupurt

eff and npurt
eff is the unperturbed and perturbed waveguide

effective index, nc is the cladding layer index and θc is the angle of the fiber.
The effective refractive index (neff ) depends in the wavelength and the mode in

which the light propagates as the propagation constant is β = neff ∗ (2π/λ) and it
measures the phase delay in a waveguide. The propagation constant is also affected
by the refractive index of the slot material.

Figure 2.7. Schematic showing a grating period and a grating coupler consisting in
three slits.
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Chapter 3

Experiment

This project consists in performing measurements over waveguides fabricated
in a silicon wafer. Delving into a single die, measurements within different peri-
ods and lengths can be carried out leading to observations such as how the laser
signal behaves as it encounters the grating coupler and then is redirected into the
waveguide.

During the fabrication steps, the silicon wafer is exposed to several chemical
processes in order to deposit different layers. The equipment conditions at the
cleanroom can cause a lack of uniformity in the whole wafer establishing variability
between different areas or dice. Even that every die is similar in its structure,
variability leads to different results (Figure 3.2). Because of the expected variability,
measurements in different areas of the wafer are performed.

3.1. Equipment Set Up
The equipment consists in:

Lightwave multimeter (Agilent 8163A)

Optical power head (detector) (Agilent 81624B)

Platform rotation stage 360◦ (M-RS40)

3-Axis piezo controller (MDT693A)

Microscope (Olympus SZ60)

xyz-positioner (Newport)

Polarization flaps

Fiber chucks and holders

Optical fiber, GPIB HPIB and AWG cables and GPIB-USB converter
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CHAPTER 3. EXPERIMENT

LabVIEW System Design Software

In order to perform a measurement (Figure 3.1), light must be coupled into
the waveguide. To be able to do that, the lightwave multimeter is used to send a
laser signal trough the optic fiber which in turn is connected to the output of the
aforementioned multimeter. The fiber goes through the polarization flaps, which
have the ability to change the orientation of the light and right through the fiber
chuck. For the fiber to be as close as possible to the waveguide, the fiber chuck
can be adjusted with help of the xyz-positioner. The laser signal goes through the
waveguide. The opposite fiber chuck which is at the other end of the waveguide picks
up the signal and send it through the optical fiber to the detector. The purpose of
the detector is to transform light into electricity so current is measured. The current
is then sent through an American Wire Gauge (AWG) cable where the word gauge
is related to the diameter of the cable. The higher the diameter the less electrical
resistance and therefore more current coming into the lightwave multimeter. The
value of the resulting signal is shown in the display of the lightwave multimeter.

Figure 3.1. Equipment set up.

3.2. Measurement Set Up
This is most crucial part of the project as the results obtained during the char-

acterization are fully dependent on the measurement set up. Before a wavelength
sweep is carried out, several aspects must be introduced. The fiber chucks, where
the optical fiber is introduced, are adjusted using a 360◦ platform rotation stage.
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3.2. MEASUREMENT SET UP

Both probes must have the same tilt, during the experiment, 17.5◦ were chosen
for simplicity and ease to work with. In order to align the fibers into the grating
couplers, the xyz-positioner is handled using a microscope as a guide. As the fiber
should not be in contact with the wafer but as close as possible to avoid increasing
the loss, the z direction must be handled with caution. Because the lightwave mul-
timeter is set at a 1575nm wavelength, the response signal shows for that certain
wavelength in the display and is used as a reference.

Once the xyz of both probes are aligned using the microscope, the next step is
to handle the xyz-positioner but this time using the lightwave multimeter display as
a reference. As this shows the input of the signal at 1575nm, by changing all three
directions very slowly the loss can be decreased. When the minimal loss is achieved,
the xyz-positioner can still be handled one more time by the piezo controller. Now
the xyz-positioner is handled by the voltage applied through the piezo controller so
even slower movements in all three directions can be achieved in order to decrease
the loss.

The last step involves moving from side to side the three polarization flaps
using the lightwave multimeter as a reference to try to reduce the loss even more.
When this is achieved, from a computer connected to the back of the lightwave
multimeter through a GPIB HPIB cable, a software program written in LabView is
used to determine the amount of power that will be sent through the optical fiber,
during the experiment 5dBm. The wavelength sweep step is 0.1nm and it goes from
1525nm to 1575nm to obtain a total of 501 points. Measurements with a 1nm step
were also performed in order to save time but the results were misleading therefore
it was necessary to redo the measurements with the original step.

Figure 3.2. Map of the silicon wafer used to perform the measurements.

11



CHAPTER 3. EXPERIMENT

Figure 3.2 is a map of the silicon wafer used to perform measurements during the
project. The dice or squares are classified by colors depending on the observations
made through the measurements. The green dice indicate that a trend behavior
in the signal is observed, this is, by increasing or decreasing the grating period the
peak shifts into accordance. The blue dice indicate that a peak was found but when
the grating period was changed no trend was observed. Measurements in the red
dice were not conclusive as no peak was spotted. Since the equipment set up did
not allow making adjustments in the grey dice, as the silicon wafer make contact
with the xyz-positioners, these areas were out of reach.

3.3. Factors that Attenuate the Signal Strength
Several factors that affect the performance and efficiency of the waveguides

have to be taken into account before interpreting the results. These factors can
be classified into two groups, one according to the cleanliness of the room and the
equipment conditions and the other to the ability and skills of the operator.

Cleanliness Aspects :

Lab room: The room where the set up is located is used besides as
a lab, as a storage room where all kind of equipment and tools can be
found. Several projects takes place in this room at a time meaning a lot
of traffic and hence more dust and dirtiness is brought from the outside.
Wafer: Because of the former mentioned room conditions, contaminants
landing in the wafer occur continuously.
Optic fibers: Coupling light into waveguides requires adjustments in
the x, y and z directions. While motioning the fibers in the x and y
directions don’t cause any damage, trying to bring the fiber as close as
possible to the wafer can cause scratches deteriorating mostly the fiber
but the wafer as well.
Operator: Obtaining the lowest loss while doing the adjustments re-
quires an amount of time where the staff member is close to the wafer
looking through the microscope. This results in an amount of contami-
nants over the wafer, like saliva, hair, textile fibers, etc.

Figure 3.3 shows how by replacing one of the two fibers the loss is reduced by
2.8 dBm and if a measurement is performed right after the wafer is cleaned another
2.8 dBm is reduced adding to a total loss reduction of 5.6 dBm. This is a 25%
improvement that could be increased even more if both fibers had been replaced at
the same time.
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3.3. FACTORS THAT ATTENUATE THE SIGNAL STRENGTH

(a) Original image

(b) Zoomed interval between 1544nm − 1546nm

Figure 3.3. Three different measurements in the same waveguide are compared: the
original, after replacing a fiber and right after the wafer is cleaned.

Operator skills :

Polarization: By orienting the three flaps or fins (Figure 3.4), this is,
by changing the direction or polarization of the light the loss can be
reduced. This is not something reproducible which means that what for
a certain measurement is optimal for the next is not and so readjusting
the flaps before every measurement must be done. The goal is to find
the optimal combination.
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CHAPTER 3. EXPERIMENT

Figure 3.4. Flaps can move side to side in order to change the polarization.

Angles adjustment: Both the right and left fiber chucks (Figure 3.5)
must be tilted at the same angle. The platform rotation stage has marks
every two degrees which leads to a possible error limit of half of a degree
during the adjustment.

Figure 3.5. Two platforms rotation stage 360◦ used to adjust the angle of the fibers.

Coupling adjustment: The diameter of the optical fiber is 125µm
while the grating coupler is less than 15µm. Fiber mark circles have the
same diameter as the optical fiber and they are used as a guide at the
adjusting set up. As the microscope just provides a view from the top
and considering that the fibers are tilted, knowing how much of the fiber
is within the fiber mark circles is unknown.

Figure 3.6 shows two measurements performed over the same device. One on
the 24th of May and the other on the 16th of June. Considering that the first mea-
surement in this silicon wafer took place on the 15th of May and the fiber replacing
and cleaning on the 29th and the 31st of May respective, it can be assume that both
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3.3. FACTORS THAT ATTENUATE THE SIGNAL STRENGTH

measurements were performed under similar cleanliness conditions. The improve-
ment obtained, 3.11 dBm, is attributed to the enhancement in the measurement
adjustment gained by practice.

(a) Original graph

(b) Zoomed interval between 1570nm − 1574nm

Figure 3.6. Two measurements performed in the same device but at a different time.
Same cleanliness conditions are assumed gaining 3.11 dBm over a 23 days interval.
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Chapter 4

Results

4.1. Grating Periods
As mentioned in the practical part, grating periods come with different sizes.

These sizes determine how the peak (maximum intensity) of the curve shifts along
different wavelengths. To be able to demonstrate this, equation 2.1 is used.

In order to predict where the peak is shifted when the grating period is either
increased or decreased, some of the parameters from Equation 2.1 need to be calcu-
lated. Besides the cladding layer index, 1.45 for SiO2 and the incident beam angle,
17.5◦, a single measurement, Figure 4.1, is used to calculate the effective refractive
index.

Figure 4.1. Λ = 495nm, L = 600nm. The vertical line indicates where the maximum
value is achieved.

From Figure 4.1, λ0 is extracted at 1557nm using the max function in MatLab®.
Inserting λ0 with the rest of the parameters aforementioned in Equation 2.1 gives,

neff = (2 · 1557/2 · 495) − 2 · 1.45 · sin17.5◦ = 2.27 (4.1)
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Since the following measurements have been done within the same die and this
is a small area of the wafer, neff should remain constant for further calculations.
The next step is to predict where the peak, λ0 should shift as the grating period is
increased to 500nm:

λ0 = Λ(neff + 2ncsinθ
c)/2 (4.2)

λ0 = 2 · 500(2.27 + 2 · 1.45 · sin17.5◦)/2 = 1571nm (4.3)

Figure 4.2. Λ = 500nm, L = 600nm. The vertical line crosses the wavelength axis
at 1572nm.

Using the peak from the measurement in Figure 4.1 as a reference point, the
peak obtained in Figure 4.2 shows how as Λ is increased by 5 nm, the peak is shifted
to the right and it differs by 1nm from the expected value in equation 4.3. Such
a short difference corroborates the validity of the effective indexes calculated in
Equation 4.1. On the other hand, decreasing the grating period (Λ) by 5nm should
shift the peak around 15nm to the left (Figure 4.3). The expected peak (λ0) for
Λ = 490nm is calculated

λ0 = 2 · 490(2.27 + 2 · 1.45 · sin17.5◦)/2 = 1540nm (4.4)

Why the real value is shifted more than 5nm than the expected? There are a
few possible reasons for explaining the extra shifting. The effective refractive index
may vary slightly in that particular small area, the waveguide could suffer some
imperfections due to several processes during its fabrication or perhaps the manual
adjustment was not as good as it could be.

Understanding the signal behavior is of big utility while finding the maximum
intensity in a specific die. As the wavelength sweep is performed over a small
window, this is 50nm, trying to find the peak in a single die is time consuming as
this has 40 different devices. To be able to accelerate the process, after performing

18



4.2. WAVEGUIDE LENGTH AND GRATING COUPLER EFFICIENCY

Figure 4.3. Λ = 490nm, L = 600nm. The dashed line is the expected value while
the continuous line is the peak obtained at the measurement.

a measurement, by observing the shape of the graph, this can determine if in order
to bring the peak into the 50nm window, the grating period has to be increased or
decreased saving a considerably amount of time.

4.2. Waveguide Length and Grating Coupler Efficiency
Besides the conditional factors already mentioned in the practical part, there are

another circumstances to be thought of while analyzing the loss, the length of the
waveguide and the efficiency of the grating couplers. Starting with the waveguide
loss, this mainly consists in the amount of light that keeps reflecting back and
forth inside the waveguide without reaching the opposite grating coupler due to the
roughness caused by the photolithography but mostly for the etching of the a-Si
layers. As the length is increased also does the loss in a proportional way.

In order to determine the influence of the length of a waveguide, measurements
in the 600, 1000 and 1400nm from a specific grating period were done (Figure 4.4).
By comparing the peak values, this is, the strength of the signal for the 600 and
1000nm, the loss per length can be calculated

loss = [−12.5 − (−16)]dBm
(1000 − 600)µm = 0.0088dBm/µm (4.5)

The next step is to calculate the loss between the 600 and 1400nm waveguides

loss = [−12.5 − (−18.1)]dBm
(1400 − 600)µm = 0.007dBm/µm (4.6)

And then an average between these two values is obtained

loss = (0.0088 + 0.007)/2 = 0.008dBm/µm (4.7)
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Figure 4.4. Measurements for 600, 1000 and 1400nm waveguides in Λ = 485nm

Figure 4.5. Intensity loss as a function of waveguide length.

Equation 4.7 is the total loss per length [dBm/µm] and it is applied to every
waveguide in the aforementioned wafer. This average may vary slightly from die to
die and even between grating periods within the same die but it can be neglected.
Figure 4.5 shows the loss as the waveguide length increases. A lack of proportionality
can be observed when the length of the waveguide is increased from 400µm to
1000µm due to the set up adjustment.
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The next step is to resolve the grating couplers efficiency. In order to do that,
the loss caused by the waveguide length is removed and this can theoretically be
achieved by having both grating couplers connected together with no waveguide in
the middle at all as Figure 4.6 shows. By multiplying the average loss with the
length of a specific waveguide, this is, the 600µm, 1000µm or 1400µm and then
subtracting the result to the total loss, the former scenario can be accomplished.

Figure 4.6. The input and output grating couplers are connected to each other so
there is no loss caused by the length of the waveguide.

The loss remained is the originated at the grating couplers. Two factors can
describe this loss:

The size of the fiber mark used to guide the optical fiber during the adjustemnt
is 130µm while the grating coupler is less than 15µm (see Figure 4.7). Having
in mind that the core of the fiber is arround 10.5µm, adjusting it to such a
small grating coupler originates some loss.

Figure 4.7. Fiber mark surrounding a grating coupler.

As the optical fibers are not in contact with the grating couplers, the distance
between them leads to the Gaussian Beam effect. The width of the beam
gradually increases as this propagates. The divergence implies an angular
spread from the waist of the beam, this is at z = 0 (see Figure 4.8) until it
reaches its maximum at z = zR (known as Rayleigh range) where the diameter
of the beam starts to grow linearly with a factor of 1/e2 [8]. This is interpreted
as if the beam is propagated at a certain distance, the light that travels at the
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corners of the optical fiber starts to diverge and therefore has no longer the
set 17.5◦ decreasing the power or intensity.

Figure 4.8. Gaussian beam with propagation distance [9].

Now that there is no loss caused by the length of the waveguide as this is
subtracted, the efficiency of the grating couplers can be calculated. Figure 4.9
shows the same measurements performed in Figure 4.4 , but this time the graphs
are plotted without the loss casued by the length of the waveguide

Figure 4.9. Measurements for 600, 1000 and 1400nm waveguides in Λ = 485nm

The three measurements, in theory, should have the same maximum values
but since the already mentioned external factors that attenuate the signal strength
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4.2. WAVEGUIDE LENGTH AND GRATING COUPLER EFFICIENCY

prevent from obtaining accurate measurements, the peaks showing in Figure 4.9 are
not constant.

Since 5dBm is the total signal strength that is intended to be coupled into
the waveguide; for the efficiency estimation, this means a 5dBm decrease in each
of the measurements performed. Starting at the 600µm, −7.65dBm is achieved
at its maximum point. By decreasing the 5dBm aforementioned the loss becomes
−12.65dBm. This value is the loss caused at both in and out of the grating couplers.
Because the interest is to know the efficiency of the grating couple itself, the −12.65
dBm is divided by 2 giving a loss of −6dBm in just one grating coupler. Results
for the waveguides are summarized in Table 4.1.

Table 4.1. Results pertaining to die 13 (row 1 column 3 in the silicon wafer), Λ = 485
nm. The 5 dBm sent from the lightwave multimeter are included.

length total loss loss/grating c. efficiency/grating c.
600 µm -17.5 dBm -6 dBm 23 %
1000 µm -21 dBm -6.5 dBm 22 %
1400 µm -23 dBm -6 dBm 25.5 %
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Chapter 5

Conclusions

During the project more than 200 measurements were performed but only 9%
were conclusive. The results obtained for the waveguide loss were 0.01dBm/µm
and for the coupling efficiency for a single grating coupler 25.5%.

The results pertaining to the average loss are not the optimal since the loss
caused by the length of the waveguide does not increase proportionally as Figure
4.4 shows. The reasons for why proportionality is not accomplished can be explained
by two hypotheses, the adjustments were not optimal for some of the waveguides
or the process fabrication could alter the waveguide attenuating the strength.

Analyzing the improvements gained both by working under clean conditions and
by practice can lead to contradictions. It is true that the improvement obtained
right after the wafer was cleaned could be a matter of adjustment gained by two
days practice, but one thing is certain, contamination attached to the end of the
optical fiber can change the direction of the laser beam increasing the loss. For this
same reason, contamination lying in the wafer and especially at the grating couplers
area should be considered, as this also can change the direction of the light from
coming into the grating coupler.

All the results obtained in this project can be improved by setting the equipment
into a better environment, like a cleanroom, so the loss caused by contamination
can be minimized.

25





Bibliography

[1] M. M. Naiini, C. Henkel, G. B. Malm, and M. Östling, “Ald high-k layer grating
couplers for single and double slot on-chip soi photonics,” Solid-State Electronics,
vol. 74, pp. 58–63, 2012.

[2] V. R. Almeida, Q. Xu, C. A. Barrios, and M. Lipson, “Guiding and confining
light in void nanostructure,” Optics Letters, pp. 1209–1211, 2004.

[3] J. D. Plummer, M. D. Deal, and P. B. Griffin, Silicon VLSI Technology: Fun-
damentals, Practice and Modeling. Prentice Hall, 2000.

[4] M. Leskelä and M. Ritala, “Atomic layer deposition chemistry: Recent develop-
ments and future challenges.” Angewandte Chemie International, vol. 42, no. 45,
pp. 5548–5554, 2003.

[5] H.-H. Kim, J.-H. Han, D.-H. Lee, B.-H. O, S.-G. Lee, and E.-H. L. et al., “Fabri-
cation of tapered waveguide by ashed photoresist,” Microelectronic Engineering,
pp. 2721–2724, 2011.

[6] S. Dwari, A. Chakraborty, and S. Sanyal, “Analysis of linear tapered waveguide
by two approaches,” Progress In Electromagnetics Research, vol. 64, pp. 219–
238, 2006.

[7] T. Suhara and H. Nishihara, “Integrated optics components and devices using
periodic structures,” Quantum Electronics, pp. 845–867, 1986.

[8] B. Saleh and M. Teich, Fundamentals of Photonics. Wiley, 2007.

[9] M. G. (CVI), Gaussian Beam Optics. www.cvimellesgriot.com, 2009.

27



www.kth.se

TRITA-ICT-EX-2012:284


	Blank Page



