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Appendix B
Excerpts from mask 1

Figure B.1: Excerpt from mask 1: Y-laser waveguide etch pattern (black) and corresponding metal-
lization pattern (green overlay). Design parameters: L = (1.0, 1.5, 2.0 and 2.5) mm, w = (1.5, 2.0
and 2.5) µm, bends (from left): 4×(r300dL80, r300dL100, r500dL80, r750dL50 and r1000dL20).
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Chapter B. Excerpts from mask 1

Figure B.2: Excerpt from mask 1: Combined 1 (CW/Y3/V) waveguide etch pattern (black) and
corresponding metallization pattern (green overlay). Design parameters: L = (1.0, 1.5, 2.0 and
2.5) mm for CW lasers, L = (1.5, 2.0 and 2.5) mm for Y3 lasers, L = 1.0 mm for V. w = 2.5 µm.
Bends: (r300dL80, r300dL100, r500dL80, r750dL50 and r1000dL20). Coupling gap for CW: (2, 3,
4 and 5) µm. Coupling length for CW: (50, 100, 200 and 300) µm. Combined branch length LC for
V: (50 and 100) µm.
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Y-laser V-laser CW-laser Y3-laser

Figure B.3: Excerpt from mask 1: Combined 2 (Y/V/CW/Y3) waveguide etch pattern (black) and
corresponding metallization pattern (green overlay). Design parameters: L = (1.5 and 2.0) mm,
w = 2.5 µm, bends for Y, V and Y3: (r300dL80, r300dL100, r500dL80, r750dL50 and r1000dL20),
bends for CW: r1000dL20. Coupling width for CW: (2, 3, 4 and 5) µm. Coupling length for CW:
(50 and 200) µm. Combined branch length LC for V: 50 µm.
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Chapter B. Excerpts from mask 1

Figure B.4: Excerpt from mask 1: S-bend r750dL50 & r1000dL20 waveguide etch pattern (black)
and corresponding metallization pattern (green overlay). Design parameters: L = (1.0, 1.2, 1.4,
1.6, 1.8 and 2.0) mm. w = (2.0 and 2.5) µm.
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Appendix C
Excerpts from mask 2

Figure C.1: Excerpt from mask 2: Combined 2 (Y/V/CW/Y3) waveguide etch pattern (black) and
corresponding metallization pattern (green overlay). The distribution of the lasers is as in figure B.3,
but the support structures have been omitted. The critical dimension of the pattern is 1 µm in the
separation of the metal contacts for the CW-lasers, and due to a flaw in the order of the first mask,
it was fabricated with a larger critical dimension, thus the gap between the metal contacts were not
well defined. Therefore, the metallization pattern was readded to mask 2, although identical to that
in mask 1. Design parameters: L = (1.5 and 2.0) mm, w =(2.5 and 5.0) µm, bends for Y, V
and Y3: (r300dL80, r300dL100, r500dL80, r750dL50 and r1000dL20), bends for CW: r1000dL20.
Coupling width for CW: (2, 3, 4 and 5) µm. Coupling length for CW: (50 and 200) µm. Combined
branch length LC for V: 50 µm.
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Chapter C. Excerpts from mask 2

Figure C.2: Excerpt from mask 2: S-bend r300dL100 & r500dL80 waveguide etch pattern (black)
and corresponding metallization pattern (green overlay). The design is as in mask1 omitting the
support structures, except two S-bend waveguides in the middle of the pattern were swapped with
straight waveguides, such that every batch of lasers has a reference straight laser waveguide. Due
to this change in the waveguide etch pattern, the metallization pattern needed to be changed accord-
ingly. Design parameters: L = (1.0, 1.2, 1.4, 1.6, 1.8 and 2.0) mm. w = (2.5, 5.0, 8.0, 15.0 and
25.0) µm. S-bend lasers with support structures and w =5.0 µm were also added to the mask.
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Figure C.3: Excerpt from mask 2: Y-laser waveguide etch pattern (black) and corresponding met-
allization pattern (green overlay). The design is identical to that in mask 1, omitting the support
structures. Design parameters: L = (1.0, 1.5, 2.0 and 2.5) mm, w = (1.5, 2.5 and 5.0) µm, bends
(from left): 4×(r300dL80, r300dL100, r500dL80, r750dL50 and r1000dL20).
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Chapter C. Excerpts from mask 2
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Appendix D
Analyzing FPL results

Due to the large number of lasers processed, a MATLAB program was made to stream-line
the plotting of L-I and V-I curves, from which to analyze the average DQE and threshold
current density, plot inverse DQE vs. cavity length, and threshold current vs. inverse
cavity length. A screenshot of the program is shown in figure D.1. Data can be selected
from an excel file which should contain laser data from one laser bar with the same bend
type in the column format (I-P1-V1-P2-V2-P3-V3...), where I is the injection current data,
P the light output power, V the diode voltage and (1,2,3...) refers to the laser sample on
the particular bar.

The correct parameters for the current laser bar must be inserted, including waveguide type
(straight, r300dL80 etc.), waveguide width, cavity length and central lasing wavelength
(necessary to calculate the DQE). The range of the data in the excel file can be selected
manually, in which case the excel file will open and the range must be selected by the
mouse before continuing. If only light power (P) or voltage data (V) is available, check-
boxes can be marked including what data should be plotted. Obviously, calculations of the
DQE or threshold current density, can not be performed without the light power data. The
plots can be plotted with only the mean curve, which simply takes the mean of all P or V
values in each row of the data, with each sample curve or with both. The mean curve is
plotted as a dashed thicker curve, to distinguish itself.

It was found that it was not simple to extract the slope of the curves directly from the data
points. Therefore, an algorithm was made to fit a curve to the data using shape language
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modeling (SLM)[26]. The principle of this method consists of using cubic splines and to
set requirements for these splines in specific regions of the plot. The typical L-I plot is
shown in figure 5.1. For this plot we know there will be a certain region in the data that
is zero, the so-called off-region, for which we can force the splines in that region to be
constantly zero. In the turn-on region, we expect the light-output to gradually increase, so
we can force the splines in this region to have an upwards curvature, or positive double
derivative. The threshold current density was defined as the point with the largest curva-
ture in this region, at which point the lasers go from a gradually increasing spontaneous
emission process, to a linearly increasing stimulated emission process. In the linear re-
gion, the splines are forced to have a constant slope, while in the saturation region, we
expect to see a decline in the slope, i.e. negative curvature, thus the double derivative can
be forced negative here. The trick is to find where in the data the different regions start.
Finding the off-region is as simple as looking for the data points that are zero. The end of
the turn-on region, in which spontaneous emission processes are dominating, was selected
by a power threshold, set to 0.25 mW based on inspection of the data. Finding the point
where the linear region ends is tricker, thus this was decided by trial and error, i.e. by
selecting a specific ratio of the total injection current range in the data, attempting to fit
the data and checking if a good fit was obtained. A similar method was used to fit a curve
to the V-I data. Typical plots of the L-I and V-I curves using the option to include plots for
all samples are shown in figure D.2 and D.3.

For each laser bar plotted, the results will accumulate in the results table, and the corre-
sponding inverse DQE and threshold current density values of each bar will be plotted in
their respective plots. When data from three or more bars have been added, a linear regres-
sion line will be plotted for both the inverse DQE and threshold current density plots, in
order to analyze the intercept point and slope, from which the internal quantum efficiency,
internal loss and transparancy current density can be calculated (see section 5.1). The lin-
ear fit lines are weighted on the amount of laser samples in a given bar. In addition, a
95% confidence limit can be plotted. The confidence limits are only based on the statistics
of the mean data points and the weights given, and does not take into consideration the
standard deviation (shown by error bars).
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Figure D.1: A screenshot of the MATLAB program created to analyze the results of the FPL. The
screenshot shows the test results from lasers with bend r1000dL20 in sample LR7 S3.
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Figure D.2: L-I plot of laser bar r1000dL20 L1200 on sample LR7 S3. The thicker dashed line is
the average curve. The slope of the average L-I curve is also plotted. The plateau in the slope is
where the slope efficiency used for calculations of DQE is drawn from. The actual slope gradient
calculated numerically by the central difference theorem are plotted as small green circles. The L-I
curves for the different samples can be seen to vary alot. This is reflected in the standard deviation
of the inverse DQE as shown by error bars (see figure D.1). The mean DQE is calculated by taking
the mean of the DQE from each laser sample, rather than calculating the DQE of the mean curve.
The mean threshold current density is calculated similarly.

0

1.25

2.5

3.75

5

D
y
n
am

ic
S
eries

R
esistan

ce
(Ω

)

0 100 200 300 400 500
0

0.5

1

1.5

2

Injection Current (mA)

V
o
lt

ag
e

(V
)

Figure D.3: V-I plot of laser bar r1000dL20 L1200 on sample LR7 S3. Again, the thicker dashed
line corresponds to the average curves. The dynamic series resistance, i.e. the slope of the V-I curve,
is plotted in green. The lasers on each bar typically exhibit very similar diode characteristics.
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Acronyms

CW coupled wave. 46

DQE external differential quantum efficiency. 59–62, 69, 72–74, 79, 97, 98, 100

EBR edge-bead removal. 28, 37

FCPE free-carrier plasma effect. 15
FP Fabry-Perot. 3, 10, 12, 15, 19–21, 43, 72
FPL Fabry-Perot laser. vi, 10, 15, 20–22, 60, 67, 69, 72, 78, 97, 99
FSR free spectral range. 12, 22
FTIR fourier transform infra-red spectroscopy. 62, 64, 72

GRINSCH graded refractive index separate confinement heterostructure. 14

ICP-RIE inductively coupled plasma reactive ion etching. 29, 35–37, 45, 46, 49
IG index guided. 32
IG-RW index guided ridge waveguide. 33, 34, 79
IQE internal quantum efficiency. 59–61, 72, 74

MQW multiple quantum well. 14, 32

PR photoresist. 28, 29, 31, 37, 38, 41, 42, 46, 47, 50–55

QIG quasi-index guided. 32
QIG-RW quasi-index guided ridge waveguide. 33, 43, 46, 79
QW quantum well. 13, 14

RW ridge-waveguide. 17, 32, 33, 38, 40, 41, 47, 52, 57

SCH separate confinement heterostructure. 14
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SEM scanning electron microscopy. 31, 32, 37, 42, 43, 48–53, 66
SMSR side mode suppression ratio. 3, 21, 59, 72, 75, 78, 80

TDLAS tunable diode laser absorption spectroscopy. 2, 3, 59, 72
TLD tunable laser diode. 2, 3
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