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Executive Summary

As scientists understand more about the principles of atomic physics, they need tools which allow them
to conduct precise measurements which reveal the fundamental properties of the building blocks of
matter. One of the most important of these tools is the laser—a coherent light source with well defined
frequency—that is capable of exciting and even cooling atoms. In this report we develop techniques for
measuring the linewidth and stability of narrow bandwidth interference filter-stabilized external cavity
diode lasers. Based on the characterization of two prototypes lasers, we identified key design
parameters affecting laser linewidth and stability. Using these results, we designed a monolithic,
hermetically sealable, diode laser using the same interference based feedback system.

Using characterization techniques found in literature, such as self-heterodyne and heterodyne
interference linewidth measurements, we measured an upper limit for the prototype diode laser
linewidth of 10 kHz. This is significantly less than the upper limit of 100 kHz defined in the project
proposal. We ensured the output was stable and capable of continuous single mode operation using a
Fabry—Pérot interferometer. Precise focal lengths of optical components within the cavity were
measured using a conventional knife-edge technique. The effects of misalighment on laser performance
were investigated to provide reasonable tolerances for machining and adjustment ranges of
components. The optical transmission of a commercial and a custom manufactured interference filter
were characterized using variable angle transmission tests. This data was used to determine the tuning
range and precision of the optical filters within the cavity to achieve the desired frequency range and
sensitivity of hundreds of GHz and 1 GHz respectively.

We have demonstrated that the desired performance characteristics can be achieved using interference
filter-stabilized diode lasers. Therefore, we recommend a more robust laser should be fabricated whose
design is outlined and justified in this report. This monolithic design will have improved stability and
increased sensitivity to frequency tuning. This device must be characterized using the methods
developed when testing the prototype lasers to ensure it meets its performance specifications. We
outline issues with these testing methods and explain why we believe a conventional heterodyne
measurement using two lasers would provide more accurate results than the self-heterodyne
measurement. However, this will require the implementation of a control system to lock the lasers
together to limit drifting of the beat frequency. This drifting is currently preventing accurate linewidth
measurements. After completion of the above mentioned experiments and performance goals for the
laser are met, multiple laser units can be manufactured for general use for atomic physics applications.
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Introduction

This report summarizes a list of recommendations for the UBC QDG Lab that are essential for the use of
the external-cavity diode laser (ECDL) for its intended purpose. A final design for the ECDL has been
submitted to the UBC Department of Physics and Astronomy Machine Shop, and the final product will
need to be tested and characterized before it can be put into operation.

The ECDL project was started for the purposes of building a low-cost and functionally robust master
laser with a very narrow linewidth. In recent years, atomic physicists have turned to diode lasers as a
relatively cheap and effective alternative to conventional coherent light sources for their research. Being
both small in size and not requiring elaborate cooling systems, diode lasers can be easily incorporated
into most optical systems. Traditionally, diode lasers could not compare in wavelength coverage and
output power to traditional dye lasers, but technological advancements have expanded their potential
applications. Furthermore, due to the inherent semiconducting properties of diode lasers, the output
amplitude is stable and can be tuned for sensitive absorption or fluorescence measurements [1].

The objectives for this project are to design, construct and characterize an interference-filter stabilized
ECDL. The laser housing is to be mechanically robust, such that acoustic vibrations and temperature
fluctuations and gradients do not significantly modulate the amplitude or frequency of the emitted
laser. The housing will be portable and mountable to a standard optics table, and will have the ability to
be hermetically sealed and evacuated. The housing will accommodate interchangeable components,
namely diode lasers, lenses, interference filters and beam splitters that can easily be mounted without
additional parts. A mirror mounted to a piezoelectric transducer with the ability to be PID controlled
will maintain the length of the external cavity. The diode laser and housing will each be thermally
stabilized with Peltier devices. This monolithic device will contain all the necessary control circuitry, as
well as a protection circuit for the laser diode.

The output wavelength of the ECDL should be tunable over nanometers about the native wavelength of
the diode laser, which will be in the visible to telecom emission spectrum. This output should be stable
in both frequency and amplitude, with less than 1 part in 10° attributed to noise. The overall design of
the ECDL should result in a laser that can be used for laser cooling applications. The desired atoms to be
cooled and their required laser linewidths are 1 MHz for lithium and rubidium, and 100 kHz for
ytterbium. The power of the laser is dependent on the diode and the application, but will typically range
from tens to hundreds of milliwatts.

The fully assembled ECDL will be characterized by its wavelength tuneability, amplitude and frequency
stability, and laser linewidth. The successful product is to be replicated, on the order of 5 to 10 units, for
atomic and molecular optics experiments.

This report serves as a detailed description of the development and optimization of experimental
techniques necessary for characterizing narrow linewidth diode lasers. These methods were used to



characterize the performance of two prototype interference-filter stabilized lasers and investigate key
design parameters important for stability and a narrow linewidth. The results of these experiments
guided the design of a monolithic, hermetically sealable, diode laser using the same interference-filter
feedback system. Once constructed, this laser’s linewidth and stability must be characterized before
being used to ensure it meets the performance requirements necessary for its intended application. The
required experimental equipment and optical setups are available in the QDG labs, and the
characterization must be completed before multiple units are to be constructed. Due to the limited
time-frame of this project, this report does not address specific considerations such as thermal flow
analysis and fabrication cost optimization. The thermal cooling design is based on research into similar
external cavity laser designs and was not quantitatively assessed. The design of the laser was driven by
optimizing performance and assumed a low reproduction quantity. Therefore industrial design
considerations will not be addressed in this report.

This report begins by introducing the background theory of the ECDL, and gives a detailed outline of all
the components comprising the laser setup. Specifically, the collimator lens, half-wave plate, beam
splitter, and the piezo-controlled mirror. Then, an overview of the methods and testing protocols are
presented, such as the alignment of the components, measuring the focal point of the cavity lens, and
the use of the Fabry-Pérot interferometer. Results are then presented and discussed detailing data
collected from all the experiments, along with sources of error. Conclusions are then drawn from the
results of the experiments.

Following these discussions, project deliverables are listed as a follow-up of the project proposal, along
with a financial summary of the costs associated with the project and ongoing commitments by team
members.

Finally, the report is concluded with a discussion on project recommendations to outline directions to be
taken after the submission of this report.



Discussion

Theory

A typical diode laser operates by sending a current though the active region of a diode sandwiched
between two n and p doped layers. This injection current produces free electrons in the conducting
band and holes in the valence band. For direct band gap semiconductors, electron-hole recombination
leads to a photon being emitted. The wavelength of the light is determined by the energy gap between

the bands. Figure 1 shows a schematic of a standard diode laser.
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Figure 1. Schematic of basic diode laser [1].

For a device to operate properly, coherent light must be generated through stimulated emission - a
process where excited electrons recombine when stimulated by photons with energy matching that of
the band gap. This requires two conditions: first a population inversion must be achieved by electrical
pumping and secondly, there must be a resonator that keeps photons contained within the device to
stimulate further emission. When the losses of the system are overcome by the system’s gain, which
occurs when the current reaches the threshold level, the device will lase [2].

External Cavity Design

As mentioned above, a resonator keeps emitted photons confined to the device in order for stimulated
emission to occur at a substantial rate. Typically, this is achieved by coupling the light to an external



cavity with feedback mirrors. The cavity can also control certain spectral properties. Figure 2 shows a
basic design for the external cavity.

External cavity

{ Collimator lens Beamsplitter cube Lens
Diode laser 0 .
|

Feedback into diode

Halfwave plate Interference filter Piezo mirror

QOutput beam

Figure 2. Schematic of an external cavity laser.

Collimator Lens

As a result of the scale of the active region, the emitted laser beam is highly divergent—in some cases
up to 90° [2]. Therefore, at the output of the laser a collimator with a high numerical aperture must be
placed to collect the emissions. For best results, the collimator should be free of spherical aberration
and have a maximum spot size on the order of the dimensions of the active region.

Half-wave Plate

The half-wave plate rotates the plane of polarization and thus decouples the polarization from the
spatial mode orientation. [4] By controlling the polarization of the beam, the feedback to output ratio of
the beam splitter can be set.

Beam Splitter

The beam splitter controls the ratio of output power to feedback power. This ratio must be optimized
for each device to achieve the necessary feedback to sustain lasing. The output ratio is defined by the
polarization vector of the light with respect to the surface of the cube; therefore the wave plate can set
the fraction of the beam that is emitted. By opting for a beam splitter over partial reflective mirrors, this
ratio can be easily adjusted without switching components. Figure 3 shows how a beam splitter cube
transmits and reflects light of different polarizations.
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Figure 3. Polarization beam splitter.

Interference Filters

Two of the key properties of lasers for atomic physics are output frequency and linewidth. The laser’s
source must be tuned to particular atomic transitions of interest, with a narrow spectral output. A
narrow linewidth is important since it maximizes the amount of energy at the desired frequency and
thus increases the probability of absorption. Free running diode lasers do not provide the necessary
linewidths needed for atomic cooling, and external filters are needed to increase the quality factor of
the output. Two interference filters placed at set angles with respect to each other may be used instead
of one custom filter due to budget constraints - custom filters can cost up to $10,000. Interference
filters have been shown in the literature to work effectively to select the desired wavelengths with
narrow linewidths [5]. Wavelength discrimination using an interference filter utilizes multiple reflections
within its dielectric coatings and can be modeled as a thin Fabry-Pérot etalon. The transmitted
wavelength is given by:

(1)

where A is the output wavelength, A, is the wavelength at normal incidence, O is the angle between
the beam path and filter, and n. is the effective refractive index [5]. The interference filter is a
Gaussian band pass filter. Changing the angle of both filters together sets the wavelength, while
changing the angle between the two filters sets the linewidth. This can be seen in Figure 4.
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Figure 4: The two interference filers (IF) are multiplied together and the overlapping area is the transmitted
region.

It is clear that the product of two Gaussians is also a Gaussian. Figure 4 illustrates a key point - increased
linewidth comes at the cost of output power.

The filter also helps to suppress the other modes of the laser. This design was chosen over a diffraction
based filter system, such as the Littrow arrangement, because wavelength discrimination and the optical
feedback are performed by two independent elements. Also, diffraction arrangements are ultra-
sensitive to misalignments due to increased beam width.

Piezo Controlled Cavity Mirror

The final optical component within the cavity is the piezo controlled mirror. The mirror reflects the
emission back into the laser diode to sustain lasing. The cavity of the laser must be a multiple of the
wavelength. Since the laser operates with wavelengths in the visible and infrared regime, the cavity
length must be stable with a high degree of precision - hence the need for the piezo control.

Laser Housing

The optical components and laser diode must be securely housed in a sealed container. The laser’s
housing must be rigid to minimize vibrations, and be able to sustain a vacuum within the cavity so that
water does not condense on the laser diode when it is cooled below the dew point. The laser’s design
should be modular and allow for the exchange of optical components for various experimental tasks.
Fine optical adjustments should be possible during operation without breaking the vacuum seal. This will
require external electrical controllers. The device will be mounted to an optical table where real estate is



valuable; therefore the device should have a small footprint. Another design concern is temperature
stability. Thermal expansion and contraction of the housing will cause wavelength instability. A
temperature control system must be implemented. Finally, the total length of the laser cavity must be
considered. The performance of the laser will be characterized by its Q factor. The Q factor is a ratio of
the energy stored in the system to the energy lost per cycle. Naturally, as the length of the cavity
increases the energy lost per cycle decreases since the number of cycles increase. This means that a
longer cavity length leads to a better Q factor; however at some point the decreased mechanical rigidity
of a longer cavity decreases the Q factor and becomes a hindrance to laser performance. Additionally, it
has been found that when the relaxation oscillation frequency (typically a few GHz for diode lasers) is
larger than the axial mode spacing, mode hopping becomes an issue [6][7].

Temperature Control System

The optical properties of diode lasers are highly dependent on their operational temperature. A closed-
loop feedback control system using Peltier devices and thermistors will be implemented for this laser.
The Peltier device is a two terminal semi-conductor device that makes use of the thermoelectric effect.
Depending on the current’s direction, the device will either absorb or release heat. The basic principle of
the feedback system is to use a thermistor as one of the legs of a balancing bridge, then amplify the
voltage across the bridge to power the Peltier device [8]. There will be separate Peltier devices for the
laser diode mount and the outer housing. The laser diode mount will be set to a variety of temperatures
that could range from -40 to +80 °C, with the housing acting as a heat sink for the Peltier device
controlling the laser diode mount. The housing will also have a Peltier device regulating the
temperature of the housing to roughly ambient temperature.

Applications of Diode Lasers

The laser diode system being proposed will be primarily used for laser cooling. An atom will absorb a
photon if the photon’s energy matches one of its electronic transitions. In the process the atom will
absorb the photon’s momentum. By red shifting the light with respect to the transition of interest, the
frequency will be Doppler shifted to the correct transition energy as the atom moves towards the light
source, making absorption possible and slowing the atom. By using 6 lasers, two pointing in opposite
directions on three orthogonal axes, atoms can be cooled to ultra low temperatures. The final design
will be used to cool rubidium, lithium, and ytterbium atoms. This requires the laser to produce a
linewidth in the hundred to thousand kHz range, and be free of mode-hopping over a tunable range of
hundreds of GHz.



Methods and Testing Protocol

Component Alignment

Preparing the laser to run experiments requires the alignment and setup of various components. It is
necessary to align the mirrors, polarizing plates, filters, and beam-splitting cubes as well as the optical
fiber-coupling mounts in order to minimize the attenuation of the signal along the tabletop setup.
Having a misaligned beam will reduce the transmitted power such that the photodiodes and optical
spectrum analyzers will either not able to detect a signal, or the signal to noise ratio will be too low to
intelligibly determine the signal characteristics.

The process for alignment optimization is carried out in two steps: rough estimation by eye, followed by
a precise optimization using a power meter or a photodiode connected to an oscilloscope. The laser
beam is aligned in the cavity by adjusting the positioning of the collimator tube so that the beam is
centered on the cat’s eye lens. A piece of transparent plastic is then inserted into the cavity to provide a
plane for viewing the incident and reflected beams. This arrangement can be seen in Figure 5.

Transparent film

Mirror Lens T~

:

Incidentbeam

Reflected beam

"--..____.-_-‘

Figure 5. Method for aligning the laser beam in the cavity.

The kinematic mount that the mirror is attached to can then be tilted appropriately so that the two
beams overlap on the transparent film. When the two beams overlap, the intensity of the beam spots
on the film will dramatically increase since the laser is being provided with feedback. This is most easily
seen when looking at the transparent film through an infrared scope. The fine adjustment for the
internal cavity alignment is then performed by shining the laser beam onto a photodiode and looking at
the signal on an oscilloscope. The current supplied to the diode is ramped about the threshold by
modulating the output of the current driver with a triangle wave from a function generator. The mirror
angle of the mirror is then fine adjusted so that the threshold current for stimulated emission is



minimized. At this point, the laser beam is optimally aligned within the cavity. Figure 6 shows a graph of
light output as a function of current.
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Figure 6. Light output of a laser diode as a function of supply current.

Most components on the table top are mounted to kinematic mounts, allowing precise control over the
orientation and angle of mirrors and lenses. By using an infrared viewing card, coarse alignment can be
performed. Fine adjustments can then be made by using a power meter where necessary.

Beam Focus / Profiling

A potential variable necessary in the design of the cavity is the focal length of the cat’s eye lens/mirror
configuration. Beam diffusion of all laser beams is a Gaussian function of the length of the beam. This
means that the focal length of the cat’s eye setup varies with cavity length. Since data relating cavity
length to spectral linewidth is required for this project, it was first necessary to determine the focal
length at various cavity lengths as well as the linewidth sensitivity to deviations from the optimal focal
length. With this data, the effect of cavity length on linewidth can be independently investigated.

Data relating cavity length to focal length was obtained using knife-edge diffraction. To do this, a razor
blade was attached to a micrometer-adjustable stage. The razor edge was placed perpendicular to the
beam and cut partway into it. This setup can be seen in Figure 7.
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Figure 7. Knife-edge laser beam profiling.

The image of the beam on the other side of the razor was viewed on a piece of paper. When the razor is
on the short side of the focus, the image of the beam on the paper is inverted. When the razor is on the
far side of the focus, the image on the paper is non-inverted. By sliding the razor/stage with the
micrometer along the axis of the beam and cutting in and out of the beam, location of the focus can be
determined.

IF Filter Transmission Test

Using a master laser locked at 780 nm, the transmission of the interference filters can be tested by
measuring the amount of power transmitted as a function of the filter angle. This is most easily done be
determining the angle of the reflected beam and dividing by two.

Fabry-Pérot Interferometers for Single Mode Selection

The methods used for measuring linewidth require that the laser is operating in a single mode. To verify
this a Fabry-Pérot Interferometer was used. This consists of two highly reflective planar mirrors with
slight transparency whose separation cavity distance is swept over a range using a piezoelectric
transducer. When a laser is injected into the cavity, it will experience strong constructive interference
when the separation distance in a multiple of the half integer wavelength. By monitoring the output of
the cavity with a photodiode, multiple modes of that laser that are in resonance with cavity at various
piezo voltages can be seen. Figure 8 shows a spectrum of a single mode laser spectrum output from a
Fabry-Pérot cavity. A multimode spectrum would consist of a forest of spikes that are periodic.
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Figure 8. Output spectrum of a single mode laser in a Fabry-Pérot cavity.

Self-heterodyne Linewidth Measurement

A common way to obtain a measurement of spectral linewidth is to use a self-heterodyne mixing

technique. The beam from the cavity is split in two, and one of the beams is sent through a fiber delay of
approximately 5km, presumably longer than the coherence length of the laser. The other beam is sent
to an acousto-optical modulator (AOM), which shifts the frequency by 80 MHz. The resulting beat note
of the recombined beams is centered about the sum and difference of the frequencies. The photodiode

is only fast enough to detect the difference signal at 80 MHz. Figure 9 shows a schematic of the self-

heterodyne setup.
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Figure 9. Self-heterodyne linewidth measurement.

Ideally, this frequency superposition would be Lorentzian, from which the spectral linewidth could easily
be discerned.

Two Laser Heterodyne Interference Linewidth Measurement

Another technique similar to the self-heterodyne measurement is to use two lasers and mix the two
output beams to produce a beat note spectrum centered at the frequency difference, with a linewidth
which is the sum of the two individual laser linewidths.

To produce the beat note, the two beams must be co-linear and have the same polarization. The signal
is coupled to an optical fiber which can be connected to the input of an optical spectrum analyzer or a
receiver optical sub-assembly (ROSA) consisting of a high speed photo diode and filtering electronics.
The ROSA is then inputted to a spectrum analyzer. The bandwidth of the ROSA is 10 GHz, therefore the
two lasers’ wavelengths must be within 0.02 nm of each other. This was achieved by finding stable
modes for both lasers whose wavelengths overlap within the tuning range of the interference filter.
Next, while monitoring the optical spectrum analyzer, the wavelengths were tuned to each other to
produce a beat note within the bandwidth of the ROSA. Then, the signal is fed via the ROSA to the
spectrum analyzer.

This method does not suffer from the beams being correlated, as is the case with the self heterodyne
measurement, because they originate from two separate lasers. However, stability of the lasers is
critical to ensure the beat note remains centered at a constant frequency. This was not an issue with the
self heterodyne measurement since the frequency fluctuations are the same for both beams and the
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frequency difference is unaffected. Figure 10 shows the schematic for producing a two laser heterodyne
linewidth measurement.

Laserl .
' ‘ OOy sperum
Analyzer
| Laser 2 | — B

Figure 10. Experimental setup for the two laser heterodyne linewidth measurement.
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Figure 11. Thorlabs LDC 500 laser diode controller

Figure 12. Thorlabs TEC2000 temperature controller.
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Figure 13. Thorlabs MDT694A single channel piezo controller.

Figure 15. Agilent E4407B spectrum analyzer.
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Figure 18. Protoype laser.
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Figure 19. Table top setup of the prototype lasers and optics

Results

The results of the knife-edge diffraction beam profiling can be seen in Figure 20. This test determined
the size of the beam waist at the focal point of the lens.
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Figure 20. Gaussian beam waist profile.

There are many methods for interpreting the size of the beam waist from this data. The most accurate
technique is to fit the power profile to the error function. A few short-hand techniques just look at the
distance between the 90% and 10%, or 70% and 30% power data points and use a scaling factor. Since

we were just interested in the order of the beam waist size, a rough estimate on the order of 10 um
from the data in Figure 20 is sufficient.

The results of the focal length tests are shown in Figure 21. From this graph it can be seen that the focal
length decreases as the cavity length increases. This can be attributed to the divergence of the beam.

16
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Figure 21. Focal length vs. cavity length.

Another interesting feature is the difference in focal length for the vertical and horizontal directions.
This result represents the degree of astigmatism in the output of the laser beam.

The transmission test of the interference filters at various angles is shown in Figures 22 and 23. The data
from these figures puts an upper limit on the range of angles for the interference filters to be set at.
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Figure 22. Transmission vs. incident angle for the 3nm interference filter.
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Figure 23. Transmission vs. incident angle for the 0.3 nm interference filter.

The results of the self-heterodyne linewidth measurement are shown in Figure 24. Spectra were taken
for cavity lengths 150 mm and 310 mm at 30 mm increments. Additionally, spectra were taken for
various distances between the mirror and the cat’s eye lens.

Self Heterodyne Signal (db)

linewidth=3500.0 Hz
— linewidth=4500.0 Hz
230mm Cavity

- n n H H H H H
198.80 79.85 79.90 79.95 80.00 80.05 80.10 80.15 80.20
Frequency MHz

Figure 24. Self-heterodyne linewidth measurement for a 230 mm cavity with simulations.
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Each spectrum was overlaid with a few simulated spectra to give upper and lower bounds on the
linewidth. For a detailed analysis of the frequency noise spectrum, see Appendix A. The bounding
simulations were determined from the depth of modulations in the wings of the spectra, which are
indicative of the linewidth. Qualitatively, a trend towards more narrow linewidths can be observed as
the cavity length increases, and very little difference can be observed as the distance between the
mirror and the cat’s eye lens is varied by approximately 1 - 2 mm about the nominal focal length. At
variations larger than 1 — 2 mm, the laser becomes unstable.

Discussion of Results

Knife-Edge Diffraction Test

The results of the knife-edge diffraction test showed that the astigmatism of the beam resulted in a
difference of up to 0.5mm in the horizontal and vertical focal lengths. Since the lens does not have a
single focus, some averaging between the two is necessary. Further tests were done to determine the
sensitivity of the linewidth to variations about this average focal length. The resulting spectra indicated
that deviations from this average focal length by approximately 1-2 mm did not significantly affect the
linewidth. At farther deviations, the laser became unstable and would not go into single mode
operation. As a result of these tests, it was decided that using a caliper to set the distance between the
lens and the mirror would be sufficient. It also indicated that since different diodes would have different
degrees of astigmatism, that the lens mount and the kinematic mount for the mirror would need some
range over which the distance can be adjusted. The kinematic mount selected for the final design has an
adjustment range of 3.56mm. This range could be increased by introducing some variation in the set
position of the lens mount. Additionally, the length of the metal slug that the mirror is mounted to could
be custom cut for every build. It was decided that the simplest thing would be moving the lens mount
because if the diode ever burns out and the new diode has a different degree of astigmatism, it would
be undesirable to have another slug machined. Figure 25 shows the design of the lens mount with
slotted holes, allowing the mount to be moved by up to 5mm along the beam path.
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Figure 25. Final design for the cat’s eye lens mount.

Interference Filter Transmission Test

From the transmission tests, it can be seen that the 3nm filter has a band pass that cuts off after 18
degrees. This puts an upper limit on the angle tuning range of the interference filters. The length of the
actuator needs to be long enough to realize this angle range. Furthermore, the resolution of the
actuator needs to be sufficient to select center frequencies at the desired resolution. From previous
work done with the filters [20], we know that the angle sensitivity of 3 nm filter is 0.7 nm/deg and 0.5
nm/deg for the 0.3 nm filter. The frequency difference between two wavelengths is given by

—_c__¢
A =3~ %m (2)

Where A is the lower wavelength, AA is the difference in wavelengths, and c is the speed of light. The
change in angle due to a change in actuator length is given by

40 = tan—124 (3)
w

Where Ad is the change in actuator length and w is the length of the pivot arm at 8=0 degrees. Using the
known angle sensitivity, the change in wavelength due to a change in angle is given by

dA
A1 =240 (4)

Where % is the angle sensitivity. Putting together (2), (3), and (4), we can solve for the required

actuator resolution

Ad = wtan [(CA_Z%) i—i (5)



21

Using a desired frequency resolution of 1 GHz at a nominal wavelength of 780 nm and the known angle
sensitivity, a value of 2 um for actuator resolution is required for a pivot arm of 30 mm. The final design
for the interference filter mount assembly is shown in Figure 26. The micrometer shown is a Thorlabs
DRV505 which provides 2 um actuator resolution over a distance of 16.2 mm. The first filter holder
pivots about a ball and cone contact to keep a tight pivot point without over constraining the design. An
extension spring counters the action of the micrometer.

Figure 26. Final design for the interference filter mount assembly.

The second filter holder pivots on the first one on two balls, and is pulled together by extension springs.
A 100 TPI fine adjustment screw is used to set the relative angle between the two plates with an
extension spring countering the action of the set screw. The interference filters are held in place in the
mounts with a standard 1” retaining ring. This method allows the filters to be held in place parallel to
the mounting face much better than by using a set screw.

Detailed schematics of the laser assembly design are in Appendices B and C.

Self-Heterodyne Linewidth Measurement

The purpose of the self-heterodyne experiment is to produce two decoupled beams by passing one
through an optical fiber and then combine them to produce a beat note. However, due to the long
coherent length of the laser, complete decoherence is not possible with the available equipment and
therefore the analysis of the measurement is made more difficult.

The results of the self-heterodyne measurement failed to match the theoretical model and we could not
precisely fit our data. The experimental results have much wider coherence peaks at 80 MHz and the
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central lobe is not as high as predicted by the theoretical model. Therefore, we could not use this
method to get definitive values for the 1/f noise and white noise. However, the depth of the lobe
modulations in the sidebands are positivity correlated to the laser’s linewidth. Fortunately, for this
region of the frequency spectrum the model and data were in agreement and we were able to fit an
upper and lower bound to the linewidth. This can be seen in Figure 15. Using this technique we can
confidently determine that our linewidth is less than 10 kHz and in the range of 5 kHz, although more
definitive measurements must be made. Although we can qualitatively say that there is a trend towards
more narrow linewidths for longer cavity lengths, the resolution of this measurement process limits a
guantitative determination of this trend. Additionally, the decrease in linewidth from a 150 mm cavity to
a 310 mm cavity can be estimated to be on the order of a few kHz. Taking this into account, we designed
our laser cavity to be as small as practically possible.

Sources of Error in the Self Heterodyne measurement

The most obvious error with this method is the premise that laser noise can be accurately modeled by a
random white noise parameter and a 1/f noise factor. It assumes that the contribution of systematic
noise sources can be neglected when compared to the effect of the previously mentioned terms. This
may not be valid for lasers with narrow linewidths [19]. We also believe that temperature stability of the
optical fiber could be an issue. Small temperature changes result in the expansion and contraction of
material which are magnified when working with a 5 km long fiber. These changes in length can
introduce phase artifacts between the beams which can distort the interference signal. Finally, from
discussion with Daniel Steck, a researcher at the University of Oregon who is also working on similar
laser designs, it may possible that our laser is in a multiple mode state with frequencies outside the
bandwidth of the Fabry-Pérot. All of these factors could contribute to the accuracy of this measurement
technique.

Two Laser Heterodyne Linewidth Measurement

We investigated the cause of low frequency oscillations of the beat frequency. We hypothesized these
fluctuations arose from mechanical instability of our design which caused the cavity length to change
because of thermal fluctuation, vibrations, and air flow around the device. We tested the lasers at cavity
lengths of 310 mm and 150 mm. We observed an oscillation range of 150 MHz and 20 MHz for the 310
mm and 150 mm cavity lengths, respectively. We also used custom made enclosures to protect our laser
from air currents but observed no significant change in oscillation range. This indicates that cavity length
is an important mechanical factor in the final laser design. However, precise quantitative measurements
of prototype stability as a function cavity length and design are irrelevant for our design because the
final product will be milled out of aluminum rather than mounted on optics rails.
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Conclusions

The focal length of the lens depends on cavity length and the degree of astigmatism in the diode, but
measurements on the linewidth as the distance between the mirror and the lens was changed showed
that the linewidth is not very sensitive to the exact positioning of the lens. As a result, the cat’s eye
configuration was designed to allow for adjustment of the mirror to lens distance, with the expectation
that a caliper would be sufficient to gauge this length.

Testing the sensitivity of the transmission of the interference filter with respect to the angle of the filter
was important in designing the filter mount. Given that the desired resolution of the filter was 1 GHz at
780 nm, for a 30 mm pivot arm, 2 um of resolution was necessary. Thus, the final design of the filter
mount includes a Thorlabs DRV505 micrometer, which is capable of providing a resolution of 2 um over
a distance of 16.2 mm.

Experiments were conducted relating cavity length to the spectral linewidth of the beam using a self-
heterodyne mixing technique. However, since the linewidth of the beam is too small for the length of
the fiber delay in the self-heterodyne setup, we were unable to accurately fit our data. However, from a
gualitative analysis we can conclude that our spectral linewidth was below 10 kHz, well below our
objective. As expected, we were able to see that longer cavity lengths were more susceptible to
mechanical vibrations. Since the linewidth gains for longer cavity lengths were not enough to justify
building a longer laser, the laser housing was designed to be a more practical size.
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Project Deliverables

List of Deliverables

The initial deliverable was a completely characterized interference filter stabilized diode laser. However,
when beginning the design it was clear that many important design parameters which could affect laser
performance were yet to be investigated. This issue was predicted as a possible set back in our project
proposal. Therefore our first task was to first characterize the performance of the prototype laser to
gain insight on our laser design. Unfortunately, the techniques which we intended to use to characterize
the device were found to be not accurate enough to provide necessary resolution for sensitive linewidth
measurements. As a result, after consulting with our project sponsor, the scope of our project changed.
It now focused on developing experimental methods for investigating narrow linewidth diode lasers and
using the results to design a monolithic interference filter stabilized laser to be characterized in the
future.

The following table outlines the current state of all deliverables and what the project sponsor can expect
to receive from our group now and in the future.

Item Status Comment
One working prototype Completed

interference filter stabilized

laser.

Characterization of the Completed

linewidth, stability and beam
profile of prototype lasers.

Optical setup for heterodyne Completed Successfully produce beat signal of
interference linewidth the two prototype lasers.
measurements.

Design and Solidworks drawings | Completed Submitted to machine shop for

of an interference filter manufacturing on March 30, 2011.

stabilized external cavity diode
laser with thermal control and
electrical systems.

Lock in control system for Not Completed To be completed by April 22
stabilizing heterodyne
interference linewidth
measurement.
Characterization of interference | Not Completed To be completed by June/July 2011
stabilized external cavity diode
laser.




25

Financial Summary

Part Quantity | Material / Vendor Cost (9) Extended
Cost (9)

Machined Components
Base 1 6061-T6 Aluminum -
Laser Housing 1 6061-T6 Aluminum -
Laser Top 1 6061-T6 Aluminum -
Diode Holder 1 Copper -
Generic Holder 1 6061-T6 Aluminum -
IF Holder Base 1 6061-T6 Aluminum -
IF Holder Front 1 6061-T6 Aluminum -
IF Holder Back 1 6061-T6 Aluminum -
Lens Holder 1 6061-T6 Aluminum -
Slug 1 Copper -
Total material cost 60 est 60.00
Total labour cost 800 est 800.00
Other Components
U50-AL1 kinematic mount 1 Newport 114 114.00
DRV505 micrometer 1 Thorlabs 275 275.00
10mm beam splitter cube 1 Thorlabs 161 161.00
PM1 clamping arm 1 Thorlabs 10 10.00
MLD 780-100S5P 5.6 mm diode with 9 1 Meshtel 200
mm adapter 200.00
A230TM-B aspheric collimating lens 1 Thorlabs 80
f=4.51mm 80.00
SM9YRR 9mm retaining ring 1 Thorlabs 10 10.00
N100B2 1/16 threaded bushing 1 Thorlabs 6 6.00
UFS075 1/16 x 3/4 set screw 1 Thorlabs 13 13.00
AD1T 1” internal threaded optic holder 1 Thorlabs 18 18.00
LM1-A 1” optic holder, inner ring with 1 Thorlabs 20
angle markings 20.00
SM1RR 1” retaining ring 3 Thorlabs 5 15.00
V1025-1 or V1021-1 vacuum valve 1 Cryocomp 400 est 400.00
CP1.0-63-08L TEC 1 Melcor 13 13.00
RLO503-5820-97-MS thermistor 1 GE 3 3.00
A34066-ND female DE-15 connector 1 Digi-Key 5 5.00
450-1522-ND toggle switch 1 Digi-Key 3 3.00
Microscope slide 1 - - 0.00
Torr seal 4.2 oz Thorlabs 85 85.00
Halfwave plate 1 Thorlabs 400 400.00
Lens 1 Thorlabs 70 70.00
Mirror 1 Thorlabs 15 15.00
Piezo stack 1 Thorlabs 100 100.00

Fasteners
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3/8-24 x 1/2 socket cap screw 3 McMaster Carr 10.56/10 3.17
1/4-20 x 1/2 socket cap screw 4 McMaster Carr 6.76/50 0.54
1/4-20 x % swivel ball bearing set screw 1 McMaster Carr 3.22/1 3.22
10-32 x 1/2 socket cap screw 4 McMaster Carr 6.63/100 0.27
8-32 x 1 1/2 socket cap screw 4 McMaster Carr 7.33/50 0.59
8-32 x 3/4 nylon socket cap screw 4 McMaster Carr 5.85/100 0.23
8-32 x 1/2 vented socket cap screw 7 McMaster Carr 6.93/5 9.70
8-32 x 1/4 soft tipped set screw 4 McMaster Carr 6.13/10 2.45
4-40 x 1/4 socket cap screw 2 McMaster Carr 2.74/100 0.05
1/4 washer 4 McMaster Carr 1.09/100 0.04
#10 washer 4 McMaster Carr 4.64/435 0.04
#8 washer 13 McMaster Carr 4.64/435 0.14
3/32 x 1 1/4 dowel pin 1 McMaster Carr 2.46/5 0.49
3/32 x 3/4 dowel pin 2 McMaster Carr 8.78/100 0.18
3/32 x 5/16 dowel pin 3 McMaster Carr 8.63/100 0.26
0.180 dia. X 0.544 ultra precision 4 McMaster Carr 8.18/3

extension spring 10.91
5/16 steel ball 3 McMaster Carr 5.42/250 0.07
5/32 steel ball 6 McMaster Carr 3.14/500 0.04
3/32 thick 10” inner dia.Viton o-ring 1 McMaster Carr 6.29/1 6.29
1/16 thick 3/8 inner dia. Viton o-ring 3 McMaster Carr 6.82/100 0.20
0.072 thick 0.495 outer dia. silicon o-ring | 1 McMaster Carr 3.28/50 0.07
Total Unit Cost 2914.94

Ongoing Commitments

We have not received an exact completion time for the laser from the UBC machine shop, however we

estimate that it will take approximately four to six weeks. During this time, all three group members will

implement the control system needed to lock the two prototype lasers together to stabilize the beat

note. William Bowden will contact the UBC electronics workshop to fabricate the required surface

mount circuits for the diode control and electrical protection.

It is likely the final laser will arrive after the beginning of summer semester. Jon-Paul Sun will be unable

to work on the project directly because he is leaving Vancouver for Co-op. William Bowden and Damien

Quentin will be available to work on assembling and characterizing the laser this summer. These tasks

are outlined in the following table and scheduled with respect to when the machine shop finishes the

laser.
Group Remember(s) Task Duration
All Set up laser locking system for April 4 to April 8
heterodyne beat note
William Bowden Submit surface mount PCB designs April 4 to April 8
for fabrication
William Bowden Test laser protection circuit Upon Completion of PCB (1 day)




27

William Bowden/
Damien Quentin

Assemble Laser including wiring for
TEC, Peizo and diode

1 week after laser manufactured

William Bowden/

Characterize linewidth and stability

1-2 week after laser

Damien Quentin manufactured
William Bowden/ Characterize frequency tuning range 2-3 week after laser
Damien Quentin and resolution of filters manufactured

William Bowden/
Damien Quentin

Compare single custom .3 nm
bandpass filter to two angle 3 nm
bandpass filters

3 week after laser manufactured

William Bowden

Conduct hydrogen leak test to
examine vacuum seal integrity

1 day (when measurement
system is available)
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Recommendations

Based on our results from characterizing the prototype laser we recommend that the design for a
monolithic interference stabilized diode laser proposed should be manufactured along with the
necessary electronics for the diode protection circuit. While the device is being manufactured, a control
system to lock the laser to stabilize the beat note must be implemented. This is required to characterize
the final laser design. Once finished, the linewidth of the final design can be known precisely by
producing a beat signal with the two prototype lasers individually and then beating the two prototypes
to produce a final beat spectrum. This will produce 3 Lorentz spectrums which can used to
simultaneously solve for the three linewidths. The device must also be characterized for stability—both
when it is vacuumed sealed and kept at room temperature. This can be done by analyzing the output on
a Fabry—Pérot Interferometer. Furthermore, the robustness of the vacuum should be tested using a
helium leak test. If the laser meets the required specifications for its experimental applications of a
stable output with a linewidth less than a 100 KHz, we recommended more units should be
manufactured for general purpose lab use.
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Appendices

Appendix A: Frequency Noise Model

Frequency Noise Model

The optical field of a single mode diode laser can be modeled as a monochromatic field with random phase
fluctuations

E(1) = E,exp o, +$(1)]. (1)
The mean square phase fluctuations are related to the noise spectrum by
{Ap*(n)) = £ tsin:'(E]S w -] 2
(A" () H:[ > 5 @) (2)
where the noise spectrum is modeled by a power-dependent white noise and power-independent 1/f noise
. I
5w} =5, + kTJ

The detected field for a delayed self-heterodyne linewidth measurement is the sum of the laser field and the
a time delayed and frequency shifted version of itself

(3)

E, = E{1)+ aE(t +T,)exp ju (4]

where a is the amplitude ratio between the fields, to is the time delay, and £2 is the mean frequency
difference. The optical intensity correlation function at the detector is

G = (E(DE;(NE.(1+ DE(t + 7)), ?

Substituting (4] into (5] and using [2) and (3] it can be shown that the autocorrelation function is

Gty = E; |(1+a’) +2a’ cosQr e:r.p[- : j:sm{a;] sin'[a;" ] siT}dw] . (8]
Evaluating the integrals results in

Gtn = E{(1+ @) +2a’ cosQr- LG} (7
where

i Pl
and

G -{r+ r_n]—-*:--f..-' :v(lr_tn[l-c:.m fFras ru'.-Ttl;r.'. 3 (9)

The spectrum observed on the RF spectrum analyzer is the Fourier transform of the autocorrelation
function.



Appendix B: Laser Design

External Cavity Diode Laser

Jon-Paul Sun, William Bowden, Damien Quentin
Sponsored by Kirk Madison, Bruce Kapplauf
March 26, 2011

*Note: All units of machined components are in inches unless otherwise specified.

Part Quantity | Material / Vendor Page
Machined Comp t:

Base 1 6061-T6 Al 3
Laser Housing 1 6061-T6 Al 4-6
Laser Top 1 6061-T6 Al 7
Diode Holder 1 Copper 8
Generic Holder 1 6061-T6 Al 9
IF Holder Base 1 6061-T6 Al 10
IF Holder Front 1 6061-T6 Al 11
IF Holder Back 1 6061-T6 Al 12
Lens Holder 1 6061-T6 Al 13
Slug 1 Copper 14
Laser A bly no lid - 15
Laser A bly with lid - 16
IF Holder Assemly - 17
Other C

US0-AL1 kinematic mount 1 Newport 18
DRV505 micrometer 1 Thorlabs 19
10mm beamsplitter cube 1 - 20
PM1 clamping arm 1 Thorlabs 21
9mm diode 1 - 22
A230TM-B aspheric collimating lens f=4.51mm 1 Thorlabs 23
SIMIRR 9mm retaining ring 1 Thorlabs 24
LT230P-B 3/4 collimating tube (for reference) - Thorlabs 25
N100B2 1/16 threaded bushing 1 Thorlabs 26
UFS075 1/16 x 3/4 set screw 1 Thorlabs 27
ADIT 1" internal threaded optic holder 1 Thorlabs 28
LM1-A 17 optic holder, inner ring with angle 1 Thorlabs 29
markings

SM1RR 1" retaining ring 3 Thorlabs 30
W1025-1 or V1021-1 vacuum valve 1 Cryocomp 31
CP1.0-63-08L TEC 1 Melcor 32-33
RLO503-5820-97-MS thermistor 1 GE 34
A34066-ND female DE-15 connector 1 Digi-Key 35
450-1522-ND toggle switch 1 Digi-Key 36-38
Microscope slide 1 -
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Torr seal

Fasteners

3/8-24 % 1/2 socket cap screw 3 McMaster Carr
1/4-20 socket cap screw 4 McMaster Carr
1/4-20 x ¥ swivel ball bearing set screw 1 McMaster Carr
10-32 x 1/2 socket cap screw 4 McMaster Carr
8-32 x 1 1/2 socket cap screw 4 MecMaster Carr
8-32 x 3/4 nylon socket cap screw 4 McMaster Carr
8-32 x 1/2 vented socket cap screw 7 McMaster Carr
8-32 » 1/4 soft tipped set screw 4 McMaster Carr
4-40 % 1/4 socket cap screw 2 McMaster Carr
1/4 washer 4 McMaster Carr
#10 washer 4 MecMaster Carr
H8 washer 13 McMaster Carr
3/32 x 1 1/4 dowel pin 1 MeMaster Carr
3/32 x 3/4 dowel pin 2 Mechaster Carr
3/32 x 5/16 dowel pin 3 McMaster Carr
0.180 dia. ¥ 0.544 ultra precision extension 4 McMaster Carr
spring

5/16 steel ball 3 MeMaster Carr
5/32 steel ball [ MecMaster Carr
3/32 thick 10" inner dia. \Viton o-ring 1 McMaster Carr
1/16 thick 3/8 inner dia. Viton o-ring 3 McMaster Carr
0.072 thick 0.495 outer dia. silicon o-ring 1 McMaster Carr

31
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thru hole

Laser Base
Materigl: 6061-T& Aluminum

Fasteners: [A] 1/4-20 socket cap screw with washers x 4
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Laser Housing (wview 1 of 3)

Material: 6061-T6 Aluminum

Fasteners: [A] 10-32 x 1/2 socket cap screw with washer x 4,
[B] 5/32 steel ball x 6, [C] 3/8-24 = 1/2 socket cap screw with 1/16 thick
3/8 inner diameter Viton o-ring x 3, [D] 4-40 x 0.25 socket cap screw x2,
[E] B-32 x 1/Z wented socket cap screw

Components: Thorlabs PM1 clamping arm, 10mm beamsplitter cube, Newport
US0-AL1 kinematic meunt, 3/32 thick 10" diameter Viton o-ring, microscope slide
with torr seal for Brewster window, Digi-Key AZ4066-ND female DE-15 connector,
Digi-Key 450-1522-ND toggle switch with lock-ring



34

#8-32 tapped hole

0.50 daep Ihveod,

Miled to depth 1.5"
illed to depth 1.5
| Milled to depth 1.5
—t] DE[ -
- 300 [=— 363 =
——— D V\
450

Mzsu—
Y
o %
1
-]
AT
| T
U oBRR

4
B2 H
153 ] | 2170 5 with chamfer af top
53 [E]
1 L _ 1.500 1.108
l”\ 388 % | ]]582 850 % K V/
%l B ° = : AN
I = e E— 1 | 45.00° i_
wc\ _ TP —=D SECTION D'D
- —= 00p=— .
e ] 200} SCALE1:3
33.71° |
SECTION E-E
SCALE1:3

Laser Housing (view 2 of 3)

Material: 6061-T6 Aluminum

Fasteners: [A] 10-32 x 1/2 socket cap screw with washer x 4,

[B] 5/32 steel ball = &, [C] 3/8-24 x 1/2 socket cap screw with 1/16 thick

3/8 inner diameter Viteon o-ring x 3, (D] 4-40 x 0.25 sccket cap screw x2, [E] 8-32 x 1/2
vented socket cap screw

Components: Thorlabs PM1 clamping arm, 1l0mm beamsplitter cube, Newport

U50-ALl kinematic mount, 3/32 thick 10" diameter Viton o-ring, microscope slide

with torr seal for Brewster window, Digi-Key A34066-ND female DE-15 connector,

Digi-Key 450-1522-ND toggle switch with lock-ring
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| = _llu_m% —=1 1.084 =—
Z50 i _ _ -
@ & 7 - _
44 & 836 4
R.4500) 940 .&r -+ ||+| .ﬁ. un 2000
2.438 4 g 340 <4 2200 972 —
ok H ” T
) ! e 1.820 s i [C1x3
Aeel %[ ] % 1.914
@& ¢ 8 A N |
— 781 r 400 il.A 793 l+| —= 1.570 =
“1.060 Fafas
Laser Housing ({(view 3 of 3} —= 1,100 [=—
Material: 6061-Té Aluminum F— 2100 —=

Fasteners: [A] 10-32 % 1/2 socket cap screw with washer x 4, [B] 5/3Z steel ball x &,

[C] 3/8-24 x 1/2 socket cap screw with 1/16 thick 3/8 inner diameter Viteon o-ring x 3,

[D] 4-40 x 0.25 socket cap screw x2, [E] 8-32 x 1/2 wented sccket cap screw

Components: Thorlabs PM1 clamping arm, 10mm beamsplitter cube, Newport U50-ALl kinematic mount,
3/32 thick 10" diameter Viton o-ring, microscope slide with torr seal for Brewster window,
Digi-Key A34066-ND female DE-15 connector, Digi-Key 450-1522Z-ND toggle switch with lock-ring
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15.000 4,000
1.250
— 3.000 }=— i +
R.125 A M 1 750
% h |/ + * st
Inner lid milled fo depth of ___[/
- 2.500
=1 - I_ Vl
J
g ﬂ_ @ .345
400 through all
3.200
[A] 2.000
e
] 1
1.00}=- ! 11200
VIEW B-B i
8-32 through ?.300 25V SCALE 1 : 4
®4 w
R.600 x4
Lazer Top

Material: 6061-T6 Aluminum

Fasteners: [A] 8-32 x 1 1/2 socket cap screw with washer x 4
Components: Cryocomp V1025-1 (stainless steel) or V10Z1-1

{aluminum) wvacuum valve to be
interference fitted
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o
-

344

WI
e /

~J
L
(]

3
A

P 3= B M i
@.100
— 3
0.42 deep hole 400
K 214

380

= 13/32-40 =

thread

r=— 364 —=

4

219— @050 | @170 x4
thru fo next thru all
T .
A i
e v
W '
g
.T 1
/mm_u,j@z\&

SCALE1.5:1

—4 308 H—
SN 104]
v, 295
v/ ,/__ h.wﬁ_;
\ " >
< \ 455
- Vo 490
i __ § 750
W
v/
v,
ﬁu 200 o~
f -— 358 —=i
T 1
x{\ 200 380
- T == Qrmrm x 0.5mnrH=
I-...ELII thread
f—— 420 —=

Diode Block

Material: Copper

Fasteners:
cap screw x4
Components:

lens,

0.157" TEC,

[&] 8-32 x 3/4 nylon soccket

Smm diode,

Thorlabs SM3RR
retaining ring, Thorlabs A230TM-B collima
0.072 thick 0.495 outer diameter silicon
o-ring (*designed to mimic Thorlabs LT230F-E 0.
collimator lens tube [see p.25]),
thermistor.

DETAIL L
SCALE3: 1

1.17 % 0.589 x
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D.165x2
thru hale

* \|#m-mm Tapped _._hu_m

380 o & -

i, .190
} (A} (B] (3]
- = 220

1.870 R.750

‘ @1.320—1 4
860 | HED

_| |__ *
J] W 2.875 _

Generic Holder

Material: 6061-T6 Aluminum

Fasteners: [A] B-32 x 1/2 wented socket cap screw with washer =2, [B] 8-32 x 1/4 soft tipped
set screw

Compeonents: 0.5 dia. half wave plate in Thorlaks ADIT internally threaded adapter, mounted in
Thorlabs LM1-A nested inner lens carriage with angle markings.
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-— 1.000 =
S K o 1.008 ._O
! ! bl @.100
! ” 700 761 0.10 deep
A70 —= =1
heb | 1268 1 @.190 Thru hole 1.088
1177 |@.aes 180 == f=—
I* |/m%| hru hole @ .375
2.875 798 7
BN I
| @.165
thru hole 1/4-20 tapped thru
1.438
o L 1.248 R.100 9/64 dia. hole
1.04 o position same as hole
|.H_—Ol_u_ 4 T ——R.100 [cl on above arm
i 8-32 tapped thru
) to next
|..-|.nﬂQ_U vl‘l
* — 500 fe=—
. - = - 2.000 - [A]
R.100 bRl
— 2,000
RI00 — || 0.10 deep slot
- / 8-32 tapped thru
320 . IF Holder Base :u:mivnm
* || 070 Material: 6061-T6 Aluminum
Fasteners: [A] 3/32 x 5/16 dowel pin, [B] 0.180 diamster x 0.544
080 long ultra-precision extension spring, [C] 1/4-20 x 1/2 swiwvel ball
=080 bearing set screw, [D] 8-32 x 0.25 soft tip set screw x 2,
[E] 8-32 x 1/Z wented socket cap screw with washer x 2, [F] 5/32
steel ball

Components: Thorlabs DRVSE0S micrometer
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T 260
_ @ .970 * - _
A_ clear aperature |mﬁ ﬁ
190 __ __ 703 @.100
thru hole 3 @.1465 opening 1.15 deep
@ .190 i) \ B @ 1.000 m;ooxwll_ 45 deg cone @.100
thru hole J )_ 1.035™-40 thread 0.05 deep
\ 188 @190 x2
7_ | L *| thru hole
A @} Z
| / @ 1353 k| e
H =1 750 Note lip wi
1.400 P + “\J:zx& * 0.10 deep chan ; inner dia,
. 8L
353 |m_w| \
" Sy
RSN L ies ——=— 020
S 188 = f=— . SECTION A-A
o s @.100x2 _ @ 312 | TSCALET:
ks 0.10 deep 0.05 deep channel
“ww_._o% x_m ®.165 opening
ru hole
rtA 938 45 deg cone
©.305 %2 *
0.15 deep * [ 0
_ (] 340
[C) 170 —4 *
2,375 - —=
IF Holder Front
Material: e061-T6 Aluminum
Fasteners: [A] 3/32 x 5/16 dowel pin, [B] 3/32 x 3/4 dowel pin, [C] 3/32
x 1 1/4 dowel pin, [D]

0.180 diameter x 0.544 long ultra-precision
[E] 5/16 steel ball x 2
1.0 diameter lens holder,

extension spring x 4,
Components: Thorlabs SM1RE retaining ring

11

th
0.97
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12

@1.000 N D370
10.35"-40 thread \ __ clear aperature
_ - 750 .
“ 0.05 deep channel ..me
—e=i= 020 | @190 x2 @190
@.100x2 __ i /" thru hole /" thru hole
0.05 dee i | : |
. P _ _ - 1 ooy

e / }\ — 22
— |T _ﬂ\ @\

A
b Ya
S¥ a
353 [C] e
— IM =
\N A N
L H [D] @.100x2 B
SECTION A-A thru hole 370 260
SCALE1.5:1 @.100 x2 r @.305 %2
0.05 deep 0.15 deep
2.375
| 312 t
ep cft |
0.05 deep channe 340

IF Holder Back
Material: 6061-T6 Aluminum
i [B] 3/32 % 3/4 dowel pin,

Fasteners: [A] 3/32 x 5/16 dowel pin,
[C] 0.180 diameter x 0.544 long ultra-precision extension spring x 3

[D] 5/16 steel ball x 2
Components: 1.0 diameter lens holder, Thorlabs SMIER retaining ring, Thorlabs
N100BZ 3/16 threaded bushing, Thorlabs UFS5075 3/16 x 3/4 100TPI

Note lip with
inner dia. 0.97
adjustment screw
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580

250 = jm-—

T

1.770

380

Lens Holder

Material:

Fasteners:

6061-T6 Aluminum
[A] B=32 x 0.25 soft tip set screw x 2,

218 —=

#B-32 Tapped Hole thru to next

-— 200
thru slot
{r > |
s - - ageaas _mm.u
U4 !
B [a] B %
Bl 12 @D.170 x4
2.000 thru hole
e ©1.030

P

|

860 1.000

— @.940

[B] 8-32 x 1/2 wented socket cap screw with washer x 2

Components:

1.03 diameter lens holder

13
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Slug
Material:

Copper

14
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15
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1/

] ——
1 @
2X .20
[ — —— — —

* I —

- 2X .50

MOUNTING
TIP SET SCREW

3X 5/64 OR 2MM HEX

NOM

.38

| 2X 1.00—=

IX 5/64 :Q/

3x rOnxl\

foﬁo@

2X M4 OR B-32 Hmn\.\

CLR MOUNTING HOLE

.24

.30

@.500
OPTIC

18

( %{E )
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FINE ADJUSTMENT

156 (40rnm)
T NOM. - 250mm BER REV.
? 017 03 (@6mm)
(dmmd ] = V]
# 037 i 3 102
{9.9mm) (PhEmm)
3.78¢36mm)
HOM,
THORLABS INC.  howvion aee
TOLERANCES W | T | TTTLE:
e e ua_ T Sk % 1/2* (13mm) FINEDRIVE ACTUATOR
Lhesr A :
g 1 ReBths ey g v > STAINLESS STEEL T3
PRIl G MOES o et e . [CACETT WETGHT: [SEETT O T
%@%wﬂ%— WA Aaa e [V o PART ND.
b TICRLARS . T FREMBITED 10880-E01 | DRVS05
]
2 1
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11 ISOMETRIC VIEW
FOR REFEREMCE OMLY 45.00°

DOT PLACED ON PRISM

WITH COATED SURFACE
INDICATING RECORMMENDED
ENTEAMCE FACES

SPECIFICATIONS:

DESIGN WANVELENGTH: 420-1000nm
CLEAR AFPERTURE: >80%: OF DIMENSION
SURFACE FLATMESS: A/10 AT 433nm
WANVEFRONT DISTORTIOM: <Af4 AT £33nm
DIMENSIOMAL TOLERANCE: +/-0.2
SURFACE QUUALITY: 40-20 3CRATCH-DIG
TRAMSMITTED BEAM DEVIATION: <5 ARCMIN
REFLECTED BEAM DEVIATION: 907 +/-5 ARCMIN
EXTINCTION RATIO: T /Ts= 1000:1
TRANSMISSION EFFICIENCY: Tp>90%
REFLECTIOM EFFICIEMCY: Rs=%9.5%
COATING [ALL 4 QUTER OFTICAL SURFACES):
BBAR COATING Rovg=<0.5% AT O ACI

[in]
ALL DIMENSIONS AREIN.

THIS DRAWING 15 FOR INFORMATION QMNLY
MOT INTENDED FOR MAMUFACTURING

5 4

[c.39

20

HAME DATE
DCRAWN JLE 12/06/ 2008
ENG APPE B Ol Sy
MFGAPPE. | FM Dl /242007
FROPRIETARY AND COMFIDENTIAL
THE INFORMATION CONTAIMED N THIS
DRAWING B THE SOLE PROPERTY OF
THORLARS, INC. ANY REPRODUCTION
I PART O A5 A WHOLE WITHOLUT
THE WRITTEN PERMESION OF
THORLABE, INC. 15 FROHIBITED.

THORLABS INC. f2aron

TITLE:

10mm POLARIZING BEARMSPLITTER 420-1000nm
MATERLAL: SIZE REY.
SF2 A1
SCALE: 21 SHEET 1 GF 1
DWG. MO, PART NO.
19027-EQ01 PBS102

1
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21

@030

(B7.6mm)|

. ._.___._
$0.25 | @ 4. 4mm|RUBBER PAD
FOR SECURING OF OFTIC

FOR LUSE WHEN TIGH

FO BOX 366

THORLABS INC. rewionni

HAME DATE
DRAWN aC s TITLE:
EMG AFPR AL | 22 s I 1 W
T e T _um_m_?._ QUNTING HARDWARE
MATERLAL: SIZE REV.
FROPRIETARY AND CONFIDENTIAL N/A A B
THE INFORMATION CONTAINED N THE
CRAWING [ THE SOLE PROPERTY OF SCALE: 111 SHEET 1 OF 1
THORLARS, INC. ANY REPRODUCTION
_r_?;._._umum ...Vi.@h in:_._urc._._ " DWG. MO, PART NO.
THE WRITTEN PERMSSION OF 0743-E01 PMI

THORLABE, INC. 15 FROHIBITED.
1
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22

COPYRIGHT © 1998 by THORLABS INC.

. A
29.00mm ——=-

E__m_d._ N 14 .TE_.. Enn
] 800 WINDOW |\H§
O N T e (T
L e
. TL .
— __HL7851G a{ns
6 = _

A
[
_ I
O
]
1K
\ \x-{ .

INTERNAL CIRCUIT
STYLE A

I.I.S.I

VIEW-A

INFORMATION ONLY, NOT FOR MANUFACTURING ~
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ASPHERIC COEFFICIENTS

23

R |3 A, Ay As A
51 3.48 -0.124 -1.261E-03 -1.0%0E-04 3.236E07 -7 BI4E-O7
52 = - z - - z
r : " ;
z= + AV AT AT+ AT+ 4, T LSV LB
g F 4 ] 10 EQUATION
R(+41-(1+ k)Y R?)
ISOMETRIC VIEW
§1
0.210] [0.195]
e a7 @495
.V. " CLEAR APERTURE
THREAD M9-0.5— [0.100]
253
SECTION A-p
SPECIFICATIONS: RENERs
DESIGN WANVELENGTH: 780nm
EFFECTIVE FOCAL LEMGTH: 4.51mm
EFL TOLERANCE: £1%
MUMERIC AL APERTURE: 0,54
WORKING DISTANCE: 2.53mm
DIAMETER TOLERAMCE: £0.01 5mm
CEMTER THICKMESS TOLERAMCE: +0.015mm
SURFACE QUALITY: 40-20 SCRATCH-DIG (INCLUDES ENTIRE BULK MATERIAL)
RrAS WFE: 0,050 WAVES
MAGNIFICATION: INFINITE THORLABS INC. umﬁﬂmwrumw
REFRACTIVE INDEX [AT DESIGMN WANELENGTH): 1.774 HARE DATE
COATING(S1 852): BBAR Ravg=<0.5% FROM &50-1050mm DRAWN SFG 123009 | TITLE: MOUNTED -B COATED ASPHERIC
ENGAPPE. | D) IBNSE00R COLUMATING LEMS EFL=4.5Tmm
MFGAPPR. | DO | 131702006
] T )
FROPRIETARY AND COMFIDENTIAL MUNERAL 5-MPH1 mﬁm _NmD_ﬂ.
fin] THE INFORMATION CONTAINED I THE
ALL DIMENSIONS ARE IN mm DRAWINGS B4 Sctd Pech BT Cf SCALE: 41 SHEET 1 OF 1
THIS DRAWING IS FOR INFORMATION ONLY B e TN o Ga ND, PART NO.
THE WRITTEN PERMESION OF .— mﬂmOI O ._ }Mmo.—glm

MOT INTEMDED FOR MANUFACTURING

THORLABE, INC. 15 FROHIBITED.

3 2 1
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A SPANMER WRENCH SLOTS
FOR LISE WITH SPWaD1

FOR INFORMATION ONLY
NOT FOR MANUFACTURING PURPOSES

|I1..l|
— v [———
SECTION A-2&
DRAWING @ m.;u—
PROJECTION
www. tharlabs.cam
MAME DATE
o | o0 Dascro @ 9mm RETAINING RING
APPROVAL| TC | 180CTI0  MATERIAL REV
ALUMINUAM A
COFYRIGHT & 2010 BY THORLAES
MTEM # APPROY WEIGHT

_;.__,.F_mu7v>.a.u7__1mm_w>.nm..l.?:.|._._|}_:uu
AND MAY CONTAM BOURNDOFF ERRCRS m})@mw

0.0001 kg
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MUMBER PART MATERIAL
] G RING (PROVIDES FRICTION FIT) RUBBER
T=4.51mm MA=0.54 AR 650.1050nm MOUNTED ASPHERIC LENG B
L0616
@ COLLIMATION TUBE IR
@ T Omm LASER DIODE [S0L0 SEPARATELT] g
S06116
) RETAINING RING FOR %.0rmm DICDE PR
RETAINING RING FOR I 4061-Te
@ E G RING FOR S.6mm CICDE ALURINGM
406116
@ ADAPTER FOR 5.6mm DICDE ALUMINUM
[€] 5.6mm LASER DIODE (SOLD SEPARATELY) N

Fal A

(& €

INTERMAL THREAD 13/32-40
0.260° DEEP

LEMS CELL HAS £1.0mm ADJUSTMENT RANGE FEOM POSITION SHOWN, WHICH WAS DESIGMED

FOR TOSHIBA STANDARD 9rmim LASER PACKAGE

LT110A DESIGN REQUIRES THE EMITTING SURFACE OF THE LASER TO BE

BETWEEN 1.7-3.2mm FROM THE @ #rmim MOUNTING FLANGE OF THE LASER

USE THORLABS SPAMMNER WRENCH SPW301 FOR RETAINING RINGS, AS WELL AS LENS
PRIMCIPLE PLAMNE OF LEMNS 15 NOMINALLY 8.7mm FROM LASER MOUNTING SURFACE

in
ALL DIMENSIONS ARE IN o
mm

THIS DRAWIMNG 15 FOR INFORMATION OMLY
MOT IMTEMDED FOR MANUFACTURING

25

PITCH 0.17" DEEP

i

INTERMAL THREAD
¥mm x 0.5mm

DRAWN
M AFPR
MFG APPE.

—
LASER MOUNTING TO
EMITTING SURFACE
[0.0]
2.47
LASER MOUNTING TO
EMITTING SURFACE _
—

PO BOX 366

THORLABS INC. (ewron

HAME DATE
MG 03020
L 037EED

CO 04/ 14200 MATERLAL:
FROFPRIETARY AND COMFIDENTIAL

TILE:  LT230P-B COLLIMATION TUBE

SIZE REV.
SEE TABLE A C
SCALE: 201 SHEET 1 ©OF 1
1M FART OF A5 & WHCLE WITHOLT DWG. MO, FART WO,
0897-E01 LT230P-B

THE WRITTEN PERMESION OF
THORLABE, INC. 15 FROHIBITED.
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26

@024

(@ &.0mm)

h

(@7 .0mm)

1

FO BOX 346
o MEWTORN MY
THORLABS INC. rewio
HAME DATE
DRAWN kP oaqoze | TITLE:
ENGAPPE. | AC | D40NTR 3/16-100 BRASS BUSHING
MFG APPE. A 4,002,007 MATERIAL: SIZE REV.
FROPRIETARY AND CONFIDENTIAL BRASS A1
THE INFORMATION CONTAINED N THE
CRAWING [ THE SOLE FROPERTY OF SCALE: 41 SHEET 1 OF 1
PART MO,

THORLABS, INC. ANY REPRODUCTION
1M PART OR A5 & WHOLE WTHOLT DWG. MO,

THE WRITTEN PERMESION OF 3339-E M100B2

THORLABE, INC. 1S FROHIBITED.
1
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27

BALL TIP

3/16%-100-34 THREAD

___ THORLABS INC. NEWTON N

DRAWN Jw orn7es | TITLE: w____:_ &6"-100 ¥ 0.75" LONG
ENGAPPR. | AC | DITME ULTRA FINE ADJUSTMENT SCREW

MFGAFPE. | AC | D1T9E

MATERIAL:
FROFRIETARY AND COMFIDENTIAL N/A mﬁm mmm<.
THE INFORMATION CONTAINED 1 THES
CRAWING [ THE SOLE PROPERTY OF SCALE: 21 SHEET 1 OF 1
THORLARS, INC. AMY REPRODUCTION
N PART OF A5 & WHCLE WITHOLT DWG. MO, PART WO,
THE WRITTEN PERMIGSIOIN OF
THORLABE, INC. 15 FROHIBMED. 0668-E01 UFS075

5 4 3 2 1
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COPYRIGHT © 1998 by THORLABS INC.

CLEAR
APERTURE
Q45

©4.9mm (20.19%)

@5.5mm (20.217)

@5.3mm (20.217)

@4.6mm (20.187)

CLEAR APERTURE MEASUREMENTS
ASSUMES AN OPTIC INDE)

INDEX OF 1.8
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COPYRIGHT © 2004 by THORLABS INC.

29

LT3
@i dmen)

SML THREAD

RETAINING RING CSMIRR?

LM1-A

T

| ea50c #0947 #L50*

Sm_H_,__._v (B2drmd (B3BMMY

k

“1» OPTIC HOLDER, INNER RING

TOLr Ao/ 5055 KRR+ 7 -S010 ARGULAR +7 =30

Ty
NODIZED ALUMINUM

ENGINEERING
e [P [ suePorT
[TATE | BEW [SIZE| SPEET DRAWING
_ANFORMATION OMLY, MOT FOR WANUFACTURING. erarssl B |3 |1 o1
Tl hL FART WL
0184-E01 | LHi-A

[t s |
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30

0.08°
{2mm)
SPANNER WRENCH
\\\ sLOTS
i 7 _
0.90* ¢23mm> DIAMETER
CLEAR APERTURE

@1.0353-40 THREAD

= PO BOX 366

I _IP_W@M NEWTON NJ

L L ———
1.035-40 RETAINING RING

HATDRIAL WAL USID
ELACK ANDDIZED AL,
ENGIMEERING

SUPPORT
DRAWING
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V1000 VACUUM SEAL-OFF VALVE AND OPERATOR SERIES

V1000 Series Seal-off Valve

The V1000 vacuum seal-off valve is an evacuation valve which provides an extra dimension to

the vacuum system designer because it is compact, vacuum tight, has excellent capacitance

and offers the additional feature of positive pressure relief. The basic weld on installation and

simple operation will compliment any production evacuation design by reducing installation

and evacuation time, improving vacuum reliability and reducing product cost.

=
A
4

SEAL

PLUG (BRASS)
DUAL O-RING

BODY
(304 SST/ALUM.)

CAP (PLASTIC)
+ SERVICE: High Vacuum.

OPERATING SPECIFICATIONS

+ PRESSURE: 1 X 10-8 TORR Vacuum
up to 15 PSIG Positive.

+ TEMPERATURE: +150°F TO -60°F

+ LEAK, RATE: 1 X 10® STD, CC GHe/SEC.

{Seal Permeability).

special request.

+ CONNECTION: Weld junction is standard.
Thread and flange junctions available on

PART NUMBERS

SIZE

174"

1o
1
e

3"

STAINLESS STEEL

V1025-1

Vi045-1

V1085-1

V1165-1

V1245-1

ALUMINUM

vi021-1

V1041-1

V10811

V1ii61-1

vi241-1

For valves with integral TC port, see data sheet for v1045-5 and V1085-5

CRYOCOMP

Cryoganic and Macuum Companants

A PRODUCT LINE OF DLH INDUSTRIES

B05.781.3565 ph

B05.T81.3566 fax

A

i

.81

1.5

2.25

3.0

sales@cryocomp.com

.38

.62

1.19

2.5

3.38

c

19

46

0.9

2.0

25

WWW.Cryocomp.com



CP Series TECs ] meLcoR[

Th=25C
Catalog Imax
Number (Amps) Qmax Vmax
(Watts)  (Volts) B
CP0.8-7-DEL 2.1 1.0 0.85 67 7 ] 5] L] 3.4
CPD.B-17-06L 2.1 2.4 208 a7 17 9 9 ] 3.4
CPO.8-31-06L 21 4.4 375 67 a1 12 12 12 | 54
CP0.8-63-06L 2.1 9.0 762 67 63 12 25 12 | 34
Q CPO.8-71-06L 21 10.1 A60 67 il 18 18 18 | 34
CPO.8-127-06L 2.1 18.1 15.40 67 127 25 25 25 | 34
1 CPO.8-254-06L 2.14.2 36.2 30.8/15.4 67 254 50 25 50 | 34
CPO.8-127-05L 2.6 22.4 15.40 87 127 25 25 25 |31
3 CPO.E-254-050 2.6/5.2 44.8 308154 [1d 254 £ 25 s0 | 31
CP1.0-7-08L 2.5 1.2 0.85 67 7 g ] [] 4.0
CP1.0-17-0BL 2.5 2.9 206 67 17 12 12 12 | 4.0
CP1.0-31-08L 2.5 5.3 375 [Fd A1 15 15 15 140
I CP1.0-63-08L 25 10.6 762 67 63 15 30 15 |40 ||

CP1.0-71-08L 25 12.0 860 67 il 23 23 23 140
CP1.0-127-08L 2.5 214 15.40 67 127 30 30 30 | 4.0
3 CP1.0-254-08L 2.55.0 42.8 30.8/15.4 &7 254 (1] 30 60 | 4.0
CP1.0-7-08L 3.0 1.4 0.85 67 7 (] ] [] 3.6
CP1.0-17-D6L 3.0 3.4 208 67 17 12 12 12 | 38
CP1.0-31-06L 3.0 6.3 375 67 EX 15 15 15 | 36
CP1.0-63-06L ] 127 TE2 67 [£] 15 30 15 | 36
CP1.0-71-06L 3.0 144 .60 [ i 23 23 23 | 38
CP1.0-127-06L 3.0 25.7 15.40 &7 127 30 30 30 |38
f § CP1.0-264-06L 3.0/6.0 51.4 30.815.4 67 254 &0 30 60 | 36
= CP1.0-7-05L 3.9 1.8 0.85 67 7 & B 8 |32
CP1.0-17-05L EE] 4.5 208 67 17 12 12 12 |32
CP1.0-31-05L 3.9 8.2 375 a7 = 15 15 15 | 3.2
CP1.0-63-05L1 348 16.6 762 &7 53 15 30 15 | 3.2
CP1.0-71-05L EE] 18.7 860 67 71 23 23 23 |32
CP1.0-127-05L 348 33.4 15.40 67 127 30 30 a0 | 32
$CP1.0-254-050 3978 56.8 30.8/15.4 67 254 (1) 30 60 | 3.2
1.4-17-100 3.4 2.9 1.33 [:] 11 0 15 10 | 4.7
CP1.4-17-10L 39 4.5 208 [] 17 15 15 15 | 4.7
CP1.4-31-10L 3.9 8.2 3.75 68 a1 20 20 20 | 4.7
CP1.4-35-10L EE] 9.2 4.24 [ 35 15 30 15 1 4.7
CP1.4-51-10L 3.8 13.4 6.18 [:] 51 9.5 B2 9.5 | 47
CP1.4-71-10L EE] 18.7 #E0 68 Kl 30 30 30 |47
CP1.4-127-10L 3.9 334 15.40 [ 127 Al A0 40 | 4.7
CP1.4-11-06L 6.0 4.4 1.33 67 il il 15 i0 | 38
CP1.4-17-06L 8.0 6.9 206 87 17 15 15 15 | 38
CP1.4-31-06L 5.0 12.5 3.75 57 31 20 20 20 | 38
CP1.4-35-06L 6.0 14.2 4.24 67 35 15 30 15 | 28
CP1.4-51-06L 6.0 20.6 6.18 67 a1 9.5 B2 9.5 | 38
CP1.4-71-06L &.0 28.7 .60 &7 il 30 3 30 | 38
CP1.4-127-06L 6.0 51.4 15.40 67 127 A0 40 40 | 38

Mare specilications on lallowing page.

[:P se"es Download our
+ For higher current, larger heat pumping applications FREE Aztec Design
o Low-Cost, High-Performance Software

+ The standard for consumar product and industrial cooling

+ [|deal for instrumentation, laboratory apparatus, consumer
appliances

+ Excellent for applications from commercial to military

TEL: 609-393-4178 + FAX: 609-393-9461 + WEB: www.melcor.com » EMail: tecooler@melcor.com
14 For a list of Global Sales Offices visit: www.melcor.com
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CP Series TECs

Wire Standards:
Module Wire Gauge
Type (AWG)
GPO.B-ALL 26
CP1.0-ALL 24
CP1.4-ALL 18
GP2-ALL 18
GP28-ALL 16

CP5-__-10 14 {Teflon™)
CP5-_ _-06 12 {Teflon™)
$CP_ _-254-_ _| Contact Malcor

For all CP Series modules, wire
is stranded, 114 mm (4.5 in.)
long and PVC insulated, except
CP5.

+ These modules have four
leads and can be wired In
series  or  parallel.  The
Specifications table indicates
maximum values for V' and |
when “Wired in Series/Wired
in Parallel”.

CP Series Specifications

Th=25C Friate i s
Catalog o Dimensions {mm)

Number (Amps) amax" Vima ATmax N

(Watts) (Volts) B :

CP1.4-11-045L 8.5 6.0 1.33 65 11 10 15 | 10 | 33
CF1.4-17-045L 8.5 9.2 2.06 65 17 15 15 | 15 | 3.3
CF1.4-31-045L 8.5 16.8 3.75 65 31 20 20 | 20 | 3.3
CF1.4-35-045L 55 18.0 424 5 35 15 30 | 15 | a3
CF1.4-51-0450 8.5 289 618 65 51 B85 | 62 | 85 | a3
CF1,4-71-0451 8.5 385 B.60 65 71 30 30 30 | 33
CF1.4-127-045L B5 72.0 15.40 65 127 a0 40 | 40 | 33
CP2-17-100 5.0 10.3 2.06 BE 17 22 22 | 22 6
CP2-31-100 5.0 18.8 3.75 BE 31 30 30| a0 &
CP2-a3-10L 9.0 29.7 5.93 BE [E] 36 36 | 36 &
CP2-71-10L 5.0 431 B.60 BE 71 44 | 44 | 44 &
CF2-127-10L 5.0 77.1 15.40 ] 127 62 62 | 62 | 56
CP2-17-06L 14.0 16.0 06 57 17 22 22 | 22 | 46
CP2-31-06L 14.0 233 3.75 [ 3 30 30 | 30 | 486
CP2-49-06L 14,0 45,2 5.893 &7 44 36 36 36 | 46
CF2-71-06L 14.0 B7.0 B.60 &7 71 a4 a4 | 44 | a6
P2-127-06L 14.0 120.0 15.40 67 127 52 62 | 62 | 46
Bai- 740 0.2 3.75 -1 Eil A0 | 40 | 40 | 50
CP5-31-10L 38.0 B1.5 375 58 31 55 55 | 55 | 58
CP5-31-06L 60.0 125.0 3.75 67 31 55 55 | 55 | 49

Interfacing and Options:

Both hot and cold faces non-metallized flat. Type L. Both faces metallized and tinned, Type TT. Hybrid,
hot face tinned, cold faced non-metallized, Type TL. Hot face non-metallized, cold face tinned, Type
LT. Two face soldering (Type TT) in sizes larger than 12 x 12 mm is not recommended. Consult
MELCOR for details. See chart on page 24.

Example: CP1.0-127-05TL
Hot face tinned with 118°C solder
Cold face non-metallized
Notes:
1) Gmax rated value at AT =0°, Imax and Vmax, Th = 25°C.

2) Thickness for Type L anly.

Definitions:
Imax Input current resulting in greatest AT (ATmax)[amps]
N Number of thermocouples (p- and n-type pairs)

Qmax Maximum amount of heat that can be absorbed at cold face (occurs at | = Imax,
AT = 0°)[watts]

Th Temperature of the TEC hot face during operation [°C]
ATmax  Maximum temperature ditference a TEC can achieve {occurs at | = Imax, O, = 0)[°C]
Wmiax Voltage at ATmax

GP Series ¥COP__ -254- _ _ Download our
FREE Aztec Design
E. I
14 4
: J L | Il L
| " ' b [ — e I |
 T——— —_—— F

TEL: 609-393-4178 » FAX: 608-393-9461 « WEB: www.melcor.com = EMail: tecooler@melcor.com

For a list of Glabal Sales Offices visit: www.melcor.com 15
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GE SENSING / THERMOMETRICS Products GE

Sensing & Inspection Technologies
Cheack meusar.com for RoHS siatus

NTC |Magathes Tomperaturs Coatcin) . remsEnCe increazes. The

i Gparabng lampanm & 150°0 Zaes-powar resistares v ol 2450 rnge e 100 b SS0KO; sther

HalLas Rkl UpoN MUESL
I i 105,

NTC THERMISTORS

CIMENSIONS: in.

sharsiund bry g i st i 20

For quantities f 100 and ug, eall for geste.

Far quariiSas of 108 and ug, call lor Guchi.

MOUSER GE ohms| & | B | o | o | PriceBach
STOCK NO, Part Humber 1 | iy | ang | e fava| 10 MOUSER GE ohms| A | B | ¢ | p | PriesEsch
F B27-1004-100 |RLIC0A4E6-88.01 100 | 116 | 120 | 100 | 26 | 138 | 131 STOCK NO. Fart Humber G Jnd | o) ) el JNGH
527-1003-800 |RL1003-312-73-01 soa | e | a1 | oo | =8 | 1as | 128 527-2006-200 |FILB00E-125-7a-07 00 | 220 | 950 | 158 | 24 | 43
BZT-1007-1K  |RLIOOT-624-73-00 e | asa 00| 26 | 138 | 129 527-2003-500  [RL2003-280-95-010 =00 | 220 | d20 |48 | 24 | 23
527-1003-2K  |RL1003-1157-85-D1 o | e | 0| 00| 28 | 135 | 139 527-2004-1K  [RL20D4-562.97-010 | 2e0 | 430 | 16| 2a | 93
527100338 |RL1003-1746-07-00 a || 0| 00| 26 | 135 | 128 537-2007-2K  [AL2007-1164-07-01 | za0 | 0| 155 22 | 103
527-1004-5K  |RL1004-2610-597-D1 st || 120|100 28 | 135 | 139 527-2006-2786 [RLPODE-1600-103-01  |2.785k| 220 | 150 | 156 | 24 | 93 | &5
527-1008-10K  |RL100-5820-57-01 10K | e | a7 | qo0 | 28 | 135 | 120 527-2006-5K  [AL2ODG-2TS3-z0-01 | 8K | 220 | 50| ase | 24 | 237 | 23
527-1005-10K |RLI005-5744-103-01 | 106 | 10| 430 | 100 | 25 | 135 | 139 527-2006-25K [AL2006-133K-14001 | 25 | 200 | 150 | 156 | 24 | 106 | 53
537-1007-25K |RL1IOD7-138K-120-D1 | 258 | 110 | 950 | 100 | 268 | 102 96 E2T-2008-1006 |AL2008-52 K- 15501 | 100K | 220 | 7o | 186 | 2a 1.06 &3
527-1003-50K |RLID03-26.7K-140-D1 | 506 | 10 | 410 | 100 | 25 | 146 | 139 [+ 527-3004-10  |RLE004-6.56-58-01 10 | 30| a0 | 20| 2a [ w0z | e7
527-1006-100K |RL1006-53 4K-140-D1 | 1008 | 110 | 140 | 100 | 25 146 | 139 B27-3504-50 [AL3504-31 2-73-01 & AY0 | 130 | 280 | 24 1 R
527-1004-200K |RL1I004-104.7K055-01 | 2006 | 110 | 120 | 100 [ 25 | 146 | 139 527-3006-100  [FIL300E-58.4-85-01 100 | a0 | ase | 280 | 2a [ o | se
527+1006-250K |FL 1006135 2K-138-D1| 2508 1Mo | 140 100 26 146 138 B2T-3004-250 |AL3004-144-85-D1 250 320 | A 280 24 k1 p ]
# 527-2004-25  [RLEO04-16.4-53.01 25 |zen| s | 1se| 2 | sa| es 527-3004-500  [FIL3004-281-57-01 s00 | a0 | a0 | 280 | 2a [ ee | se
# B27-2007-50  |RLE0OT-328-55-01 s0 |.zeo| .60 |.86| 22 | 8| ea 527-3005-1K  |FIL3005-574-103-01 ik |az0| e | 250 29 | e8| &8
527-2003-100 Rl 200362 4-73-01 00 Joean) azo ] ise| 2e | 3| es 527-3005-13. 1% |ALa00s1a k15501 |13k ] se0 | oso | een | 24 | 111 | 87
INRUSH CURRENT LIMITERS )
II-_ e, 4 :
Limimrs prodect agoinst extremely high peak innish curenl, especally in AGIIC saiiching powes supplies. ¢ a Ii OMS: in.
Teusa NTC Im'mnbmlllﬂinl‘r cxnfirial smurgpe et beciuin B heesal e aerodan of Fa curenl limie 1
5 longar than tha akecirical #me conssant (AC) of the iemisior and the capaciion.
ks s bbb, Loy sl danchinr, wil ki fioadd e
For quantithes of 3506 and up, cull for quate.
MOUSER GE Chirng A B c
Amj M M FRed,
@ STOCK N, | Part Number | (o |*™P%| W20 | TR0 | PR
For quantities of 250 and up, call S quiis. sar-cLitg [CLie 1w |az [ 40 [ a7 | 280
527-CLI20 |CL120 w17 | 40 | a7 | 280
MOUSER GE Ohms | o e u’;.t u?,_ Rﬁ._ ¢ [ riceEach 527-CL130  |CL130 s0 |16 | 45 | a7 | 280
SIRTHINE Pwrthumber | {2) an | dng | e VG 1 s27-CLis0 |CL1ap so (11 |45 | a7 | 20
SIT-CLE | GLaD 25| B | 77| 2 | @] 18 131 527-CL1SD | CL1SO 5 |47 | 55 | 98 | A
527-CL40 GL4o 5 B e 22 328 18 [1.37[1.31]|1.25] 527-CL1ED CL180 5 28 85 18 a8
s2TeCLS0 | GLSO 7 s | o7 | 26 |G| e [1.38]124) 86 527-CLIT0 |CLI7D 16 |27 | 55 | a8 | 3
s27.CLE0  |CLED wo | s | v | 22| am| e |13 |124] e 527-CL180 | GL1AD 16 |17 | 55 | 18 | a8
s2T-CL70  |CLTO | o4 | v | 22| aee| e |nae|124] e s27-CLIS0 | GL1BD 2 |24 | 55 | a8 | 3
527-CLBO0  |CLEO a7 | s | v | 22| mes| e [1a8]12a] e s27-CL20D | GLaon 2 |17 | 55 | a8 | a3
S27-CLe0 | CLs0 120 ] 2 | s3] zo| sl e |a72lisdfiee s27-cLzin |G a0 |5 | 40 | 20 | 250
MINIATURE SENSORS 1°C ACCURACY CIMENSIONS: if.
Features:
* Tempormium acceracy: +1°0 8 2300 113z
* Dhsid pilinh OSEIRAL 1 4ET
. TIM-D:OMIIM.ISM( 2204 I'
* Operaing range: 50°C o +150°0 ey
Eposy Insuloted AN 30, Neckal
Tefon Insulied
For auaniiiies of 350 and up, call for guese.
GE GE Tamp. Coel. Price Each
Part Number Tyoe {ALOSIZ) i mase WG @ 265G i [T ) 100
FLOS03-1245-73-M5 124573 M5 METE S EXI] 152 145 138 [E]
0503, 2R00.05.015 2RO0.O5A5 MsIs ok 443 152 145 138 1.31
Fil 05035870575 5E20.97-M5 M5IT 10K ] 152 145 1.38 131
RLOS03-17 S6K-96-M5 17 5EH-55-MS MEI6 30k -4.32 1.52 1.45 1.38 1.31
FLOE03-27 E3K-1 20 ME 2T 53K 1 ZF0MS ME1ED 50K -4 84 1.52 145 1.28 1
FLOS03-55.36HK-122-MS 55 JEK-122-M5 ME1E2 1008 -4.78 1.52 145 1.28 1.31

GLASS ENCAPSULATED DO-35

Features:

* Far renl lnping "FT subie
* heckil ek ler wedineg

# Oirer msstancesin the ranga 2507 0 50

¢ Diter iolevances. toleronces of offer lemperniunes.
* Almalron el lengthe, d malerine

* Con be swpanded fo 5T2F (00°C) with nickn! lence
* Stanckid risilinds ke o1M @ FF (25°C)

Tima consinnt: 7 seconds

Opesating renge: “5E'F fo $0°F [-50°C In 204°C)

|||

For suaniities of 350 and up, sal for quete.

GE Fehaierial Oitvrres: ') Dissipation Prics Each
Part Mumber Sysiem Datarases @ 25 Constard 1 10 25 100
ALCI0OG-535K-145-51 GE14.5 EET T 1.54 1.46: 1.39 1.32
ALOI0OE-58,29-07-G1 GES.TB B0mWK 1.54 1.46 1.39 1.32
ALOI005-5815-57-G1 GES.TA 20w 154 1.46 1.3 132
Py — & Ooegn T Uewar Pomerkca
mouser.com/thermometrics (800) 346-6873 617

uo|}08104d [BWIBY )
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SPECIFICATIONS CHART

RATING, B CONTACTS

VA WAX @20V MAN. AC DR DC

RATING, G COMTACTS-SEE NOTE 3

VA WA @Z0W MAX. AC OR DC OR

B4 @120 VAC OR 28 vDC (RESISTIVE)

24 @250 VAC (RESISTVE)

RATING, Q CONTACTS

5S4 @120 WAC OR 28 VDC (RESISTVE)

Zh 8250 VAC (RESISTVE)

ELECTRICAL UFE

6,000 CYCLES AT RATED LOAD

CONTACT RESISTANCE

10 MILLICHMS MAX INITIAL @ 2-4VDC, 100ma

INSULATION RESISTANCE

1,000 MEGOHWE MIN

ELECTRIC WITHSTANDING VOLTAGE

1,000 V RMS AT SEA LEVEL

OPERATIMNG TEMPRATURE

=30C TO 85C

A
4 3 2 l 1 fele]
o T ST [ s T s I Lt TR
- P = ] _._5 __u_a
NOTES: D
1 ALL WMATERIALS AND FINISHES SHALL COMPLY WITH EU DIRECTVE 2002/95/EC
KEYWAY OF ZRMNZO03 (ROHS).
270 EACH SWITCH WITH THREDED BUSHINGS SUPPLIED WITH THE FOLLWING MOUNTING HARDWARE:
' {2) HEX NUTS
t (1) INTERMAL TOOTH LOCKWASMER
_I.I 500 {1} LOCATING RING.
’ G CONTACT OPTION CAM BE USED FOR SIGNAL OR POWER LEVEL SWITCHING, IF SWITCH IS
USED AT LEVELS EXCEEDING 4WA @ 20V AC/DC, SWITCH IS RENDERED FOR POWER SWITCHING
ONLY DUE TO ARC REMOVAL OF GOLD PLATING. RATING STAMPED ON FRAME IS ZA 2SOVAC,
Ba 120VAC,
/a\ DATE CODE AND COUNTRY OF GRIGIN MAY APPEAR ON EMHER SIDE OF SWITCH,
NMV LENGTH OF TOGGLE REDUCED BY 020 WITH A, AVZ, V30 OR V40 VERTICAL SUPPORT BRACKET OPTIONS.
FUNCTION CHART
=
\I_.cznjoz ‘
|
_ _ oare cove =, .
= | L—rame #1 or-weex o oN i

= 200 A £ AND o 350 ]

B 1 = COUNTRY ;_ p—
e OF ORGIN | jmy —y T T
RN o A4 YTV S
. EPOXY SEAL 01 onl NONE oN

A86£.016 o8 in hhs {on)
[FERMINALS CONNECTED|  2-3 -— 1-2

Mona: Mo meshonicsl pasition

Off: Mechanical position with no electrical connection

(On):  Momentary action

w [1esize | |

PART NUMBER SEQUENCE CHART

MODEL | FUNCTION | TOGGLE | BUSHING | TERMINAL | CONTACT | RoHS
Al 01 K oW A ] 04
08 K1 1] AVE [

L [iF] [+ ]
L1 H V30
2 ¥ (7]
EXAMPLE:  A1D1SYCO04 W Ya W
P3 Wit
Fi
73
1
=TE TE Connmctivity

— [
GEMIN A SERES TOGGLE SWITCH, SMGLE POLE,
2 POSON FUNCTIONS {01 & ON)

T
bN_quva-._mmm._um

51 ™ 1 wa P |
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36

it

L} opemps - g - = |

130
TOGGLES L.,. w\p

u_._._U l-u —
640£.022
105 | ] UNLOCKED

—
L

\;\a_

ET94.022

[M] sHoRT [S] STANDARD . 314 [C]LEVER [L2] LEvER
DM L BUSHING TYPE| DIM L | BUSHING TYPE E DM L [ BUSHING TYPE DI L | BUSHING TYPE DI L | BUSHING TYPE
.200 Y. H A0 Y. H 840 Y. H E40 ¥, H 550 ¥, H
200 nh 1410 1 tH I NO BUSHING OPTION NEEDED | NO BUSHING OPTION NEEDED (8% 1 %K s 1 nh S0 1 % H
*_“.os 314 M _H,os
A 03—
100 l\\_,_ .._.l. £.240
15/32-32
UNS—24

1/4=40
UNS=24

057
[P3] NO BUSHING OPTION NEEDED

BUSHINGS o B46S

_— CONTAINS O—RING BETWEEN

\\| |.U._F
._.OEEEZ
EEEE

Qi QL™ g

22! .22
a.-a'-l__vll ro.‘.olnl__'l :.._al_-.clf.f :\;I.-a}

I .______&lan- _.!mln.p .Num .._EIH.- — .Hﬂm
pﬁwuh/r _._zmunrl/r ...oo _ |*|
nﬁ% _L _q

m [1ezs1ae

020 57 020 040
[6] THREADED [7] THREADED [CW] THREADED SPLASHPROGF [H] HicH ToRQUE
[D3] UNTHREADED [ra] UNTHREADED T e 3 4 L e [ =] ETE ey

=3
GEMIN A SERES TOGGLE SWITCH, SMGLE POLE,
2 POSON FUNCTIONS {01 & ON)

T L
bN_quva-._mmm._um _ =

21 ™ 2 wa |
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37
4 3 2 _ ;
o v [P e s I REVGTHG
oo o ne = ! w073 140 {00 frren e ==
TP. | = | e e s — 1=1=
nqo_ |
_ 1 o
i I 128 TP 150 TP, _ i .._,..a 047 x 7 R |
§ _l =0 * 250 ag
048 TP ! I |_ 7|b8 | f
200 |_| __ |.u8| | P |t:|n8 . —| |00 osz—||—
_ _.I._mE.Em RECOMMENDED 030 Th, 030 THK -
[avz] VERTICAL RIGHT ANGLE A\ o [Z]WRE LuG [Z3] QUICK CONNECT
a8 )|
_.!uoaa. | \I._.npooo Sioe T, _ Dmv|__ o
125 *|ilﬂ A
e ,Hm—_l_”U rm ® 500 a7 | oFiow | O
KETwaY i f .|*| yuyu __|.va0. _ Eall__ll (3 1.062
TV — : .
- e 1l I
3001 RECOMMEMDED
PCE LAYOUT

[A] RIGHT ANGLE A\

[W]W4] WIRE WRAP

w [1esize |

OPTION | DIM A 128
“ﬁ % i \AA _lr #.073 TYP. #0753 TP ﬂ....ﬂ.w.
185 TYP. 250
-. * — | {
Ry oy os0—||—
ﬁ 125 J RECOMMENDED
020 030 THK. PCB LAYOUT
S0 oqg 1y Sy
185 016 TYP am "
VE[vag] §+ 48 § [C] PRINTED CIRCUIT
v30] V40 b THIS DRRMHG 15 A CONTROLLES pOCuMEnT, |™8 T
VERTICAL SUPPORT BRACKET = ETE 1 oty
- IE A SERES TOGGLE SWITCH, SINGLE POLE,
2 POSTON J_zng.a {on & oF)
b.M_Bdev-._mmm._um _ -
il X il X N
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20
4 _ 3 2 _ 1 jele ]
o T ST [ s T s I T e —
LFE—— = ] (40 |00 frror e I
B — =1
Alco B/N P/N Alco B/N P/N -1 I - T=1
A101K1VI0B04 18261361 A1015Y2004 4—1825136—8
A10TKABOA TBZ5136-2 not_sssigned 5-1R25136-0 RECOMMEMNDED PANEL CUT-0UTS 0
A1 DA 1825136-3 nol gifigned | S—1A2E158-1 BUSHING SIZE WITHOUT LOCKING RING WITH STANDARD LOCKING RING
A101PIVI0E0H 18RI 364 AOITIZED4 5-1825136—2
A1D1KCOD4 1B25136-5 AI01T1Z004 5_1B25136—3
A101KDBAGD4 1B25136- 8 A101TCO04 5—1825136-4 234 [=— 8,250 oas | B250 #.094
AlDIKZGO4 18251367 A01TZ004 5-1828136-5 I/w\_r/|ﬂ .
A101 SYAVZEOS 1EZE1 36-8 A1 OEMDBABOL 518251366
A101L1DSVI0004 I B25136—9 nat_ossigred 5—1825136-7 1/4 |
A1071L1Y7E04 1—1825136-0 A1DBP3CO04 E-1825136-8 022
AI0ILDZ004 = 18281561 A108P3Z004 5-1825136-8 ] 240 |— .
Al Q1MOBABOE 1-1825136-2 AVOBSD9AGOE | 6-1B825136-0 #.250
A101MDIAG04 1—1825136-3 A108502004 E—18Z5136-1
A101MDIAQO4 1— 18251364 A10ESTCED4 E=1825136=2
AOIMDSAVZE04 | |- 1825136-5 A10ESTCO04 618251363
AIDIMDBRVIGD4 | 1-1828136-6 A1085YZ004 618251364 8.469 o6
A101MDIAVZO04 | —1R25136=7 not_assigned &—1826136-5 c
ANDTMOGVI0B04 | {_ 18251368 A1015YAGO4 6-1825136-6 I_H
A1 011 MDA 1-1825136-9 15/32 |_
A1071MOAVZEDS 2=182%136-0
A1D1MDCE04 218251361 .
A101MDZG04 2-1825136-2 03
A101MYCO04 2-1825136-3
A0 1MYZO04 218261364
AO3SYMVZBOS | 2-1B25136-5 |
A101PICB04 2 18251366
A101PIFO04 2=1825136=7
A101KAVZO04 2-1825136-8 | MATERIALS CHART
_not_assigned 218251369 COMPONENT HAME | BASE_WATERIAL FiNisH
AI0TSCWCO004 | 3-1825136-0 | CASE |DAP, RED, LLB4 V-0 ]
AVD1SCWZC04 3=1878136=1 FRAME |STAINLESS STEEL g
A101509AB04 18251362 B TERMINALS & CONTACTS |COPPER GOLD_OWER MICKEL L]
A1 01 SDBAC04 - {51363 G_TERMINALS & CONTACTS |COPPER GOLD OVER SILVER E
A10TSDIAVZEOE | 3 jmpsise s [0 TERMINALS & CONTACTS |COPPER "D00400 SILVER
SORANZO04 251365 ACTUATOR PHENOLIC, BLACK, ULS4 V=1
”“w“wﬂﬁn_ﬁ_. ulun__ummm._umnm LEVER BRASS CHROME
-
A01 * BUSHING BRASS MICKEL
SPRING MUSKC_WIRE
Al0ISDGO04 | 3-1825136-8 SUPPORT BRACRET BRASS T
AN SDZO04 S-1828136-0 PIVOT _FIN STEEL MICKEL
| MI01SHZO08 | 4-—1825136-0 | LOCK WASHER [STAINLESS STEEL —
A1015YBCG04 4-1825136-1 LOCKING RING STAINLESS STEEL
| AIOISYABOY | 4-1828136-3 | WUTS CIE0LBD BRASS MICKEL
ATDISYAGDS 4—1825136-3 TERMINAL SEAL EPCHY
A1015YCED4 4—1825136—4
A1015YC004 418251385
not_assigred 4= 18781366
A101SYWOO4 418751367 |
L MOISYZB0S | 4-—1835136-8 =TE TE Connmctivity A

= -
GEMN A SERES TOGEE SWITCH, SMGLE POLE,

2 POSON FUNCTIONS {01 & ON)

T
bN_quva-._mmm._um

51 ™ 4 wa P |
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RECOMMENDED PC BOARD MOUNTING DIMENSIONS

nphi.:u_inluﬂ._.v-ulu.tﬂn.

DETAIL D

T

DETAIL E

- 25
#4—40 FEMALE [17ox018]
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Appendix C: Diode Protection Circuit

Laser Diode

<« i

IN5711

h 4

IN914B

)|

InF

0.1uF
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