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VERTICAL-CAVITY SURFACE EMITTING LASER SUPPORT ASSEMBLY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the priority benefit from U.S. Patent Application
Serial No. 62/743,725 , filed October 10, 2018, which is hereby incorporated by reference herein

in its entirety for all purposes.

FIELD

[0002] Aspects of this disclosure relate generally to a support assembly for a laser, and
more particularly, to a support assembly for a vertical-cavity surface emitting laser (VCSEL) for

use in a Fourier transform infrared spectrometer.

BACKGROUND

[0003] Fourier transform infrared (FTIR) interferometric spectrometers are widely used in
the analysis of chemical compounds. By measuring the absorption of infrared radiation by an
unknown sample at various wave lengths in the infrared spectrum and comparing the results with
known standards, these instruments generate useful information with respect to the chemical
makeup of the unknown sample. In a typical FTIR spectrometer, infrared radiation from an
infrared emitting source is collected, passed through an interferometer, passed through the sample
to be analyzed, and brought to focus on an infrared detector. The interferometer system, in
combination with the sample, modulates the intensity of the infrared radiation that impinges on
the detector, and thereby forms a time variant intensity signal. It is the function of the detector to
convert this time variant intensity signal to a corresponding time varying current. The current, in

turn, is converted to a time varying voltage, which is presented to an analog-to-digital converter
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and then stored as a sequence of digital numbers to be processed in a processor associated with the

spectrometer.

[0004] FTIR spectrometers can use different types of lasers to provide an energy source
that sets a wavelength (or wavenumber) calibration of the interferometer. This reference laser
beam is sent through the interferometer on a path that is parallel to the IR source beam.
Historically, helium neon (HeNe) lasers have often been used since they provide a laser signal
with a very narrow spectrum, providing wavelength stability. With respect to FTIR spectrometers,
an HeNe laser can be considered to provide a laser wavelength that is constant over a wide range

of operating temperatures.

[0005] In considering the use of a low cost VCSEL, one has to consider the sensitivity to
such lasers to current and temperature variations. In order to effectively use a VCSEL,

therefore, the temperature and current need to be effectively controlled.

[0006] There is a direct relationship between wavelength shift and temperature change. A
VCSEL has a temperature coefficient that translates into peak-shifts in the FTIR spectrum. If for
any reason, the temperature of the laser die of the VCSEL changes, it results in a change in
wavelength. If the wavelength of the VCSEL drifts enough, the measured IR spectrum will be out

of the wavelength accuracy specification.

[0007] A change in laser current has two effects on the laser itself: (1) intensity is
proportional to current (“Slope Efficiency”), and (2) the wavelength changes with current by a

small amount. Therefore, a change in laser current will cause a shift in the FTIR spectrum.
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[0008] It would be desirable to provide a support assembly for a vertical-cavity surface
emitting laser for an FTIR spectrometer that reduces or overcomes some or all of the difficulties
inherent in prior known devices. Particular objects and advantages will be apparent to those skilled
in the art, that is, those who are knowledgeable or experienced in this field of technology, in view

of the following disclosure and detailed description of certain embodiments.

SUMMARY

[0009] In accordance with a first aspect, a laser mount assembly includes a lens holder
including a collimating lens. A laser subassembly is positioned adjacent the lens holder and
includes a vertical-cavity surface-emitting laser, a thermal electric cooler, and a thermistor. A
printed circuit board is positioned adjacent the laser subassembly and includes a plurality of
heating components. The heating components heat the area between the lens holder and the laser

subassembly.

[0010] In accordance with another aspect, a method of heating a laser mount assembly
includes providing a laser mount assembly including a lens holder including a collimating lens, a
laser subassembly positioned adjacent the lens holder and including a vertical-cavity surface-
emitting laser, a thermal electric cooler, and a thermistor, and a printed circuit board positioned
adjacent the laser subassembly and including a plurality of heating components; heating the area
between the lens holder and the laser subassembly to above a setpoint for the thermal electric
cooler; and cooling the vertical-cavity surface-emitting laser to the desired setpoint using the

thermal electric cooler and the thermistor.
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[0011] These and additional features and advantages disclosed here will be further
understood from the following detailed disclosure of certain embodiments, the drawings thereof,

and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The foregoing and other features and advantages of the present embodiments will
be more fully understood from the following detailed description of illustrative embodiments taken

in conjunction with the accompanying drawings in which:

[0013] FIG. 1 is a perspective view of a support assembly for a laser.

[0014] FIG. 2 is a section view, partially broken away, of the support assembly of FIG. 1.
[0015] FIG. 3 is an exploded view of the support assembly of FIG. 1.

[0016] FIG. 4 is a plan view of a VCSEL diode 56 of the support assembly of FIG. 1.
[0017] FIG. 5 is a plan view of printed circuit board of support assembly of FIG. 1.
[0018] FIG. 6 is a schematic view of a cooling temperature control assembly used with the

support assembly of FIG. 1.

[0019] FIG. 7 a schematic view of a heating temperature control assembly used with the

support assembly of FIG. 1.

[0020] FIG. 8 is a schematic view a current circuit used with the support assembly of FIG.

1.
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[0021] FIG. 9 is a graph showing an experiment using the support assembly of FIG. 1 with

an FTIR instrument without a thermal assembly.

[0022] FIG. 10 is a graph showing an experiment using the support assembly of FIG. 1

with an FTIR instrument with a thermal assembly.

[0023] The figures referred to above are not drawn necessarily to scale, should be
understood to provide a representation of particular embodiments, and are merely conceptual in
nature and illustrative of the principles involved. Some features of the support assembly for a
vertical-cavity surface emitting laser depicted in the drawings have been enlarged or distorted
relative to others to facilitate explanation and understanding. The same reference numbers are
used in the drawings for similar or identical components and features shown in various alternative
embodiments. Support assemblies for a vertical-cavity surface emitting laser as disclosed herein
would have configurations and components determined, in part, by the intended application and

environment in which they are used.

DETAILED DESCRIPTION OF EMBODIMENTS

[0024] In the following description of various example structures in accordance with the
disclosure, reference is made to the accompanying drawings, which form a part hereof, and in
which are shown by way of illustration of various structures in accordance with the disclosure.
Additionally, it is to be understood that other specific arrangements of parts and structures may be
utilized, and structural and functional modifications may be made without departing from the
scope of the present disclosure. Also, while spatial terms such as “top” and “bottom” and the like
may be used in this specification to describe various example features and elements of the

disclosure, these terms are used herein as a matter of convenience, e.g., based on the example

-5-
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orientations shown in the figures and/or the orientations in typical use. Nothing in this
specification should be construed as requiring a specific three dimensional or spatial orientation

of structures in order to fall within the scope of this disclosure.

[0025] Referring to FIGS. 1-3, a laser assembly 10 is shown in perspective, section, and
exploded views, respectively. Laser assembly 10 may include a laser assembly base 12 that is
configured to be mounted to an FTIR spectrometer (not shown) by bolts, screws, or other secure
fasteners. A lens holder 14 may be positioned adjacent and axially outward of laser assembly base
12, and may include a collimating lens 16. Collimating lens 16 may be threadingly received in a
threaded aperture 18 formed in lens holder 14. The collimation provided by collimation lens 16
may change the scale (“yardstick”) and affect the spectral resolution performance of the FTIR

spectrometer.

[0026] A plurality of adhesive elements 20 may be positioned between laser assembly base
12 and lens holder 14 and serve to secure them to one another. Adhesive elements 20 may be
captured within complimentary grooves formed in laser assembly base 12 and lens holder 14. In
certain embodiments, a circular groove 22 with an undercut extending about an inner peripheral
edge of laser assembly base 12 may cooperate with a circular groove 24 with an undercut that
extends about an outer peripheral edge of lens holder 14 to define a channel 26 in which adhesive
elements 20 may be positioned. Adhesive elements 20 are positioned within channel 26 and cured

once the components of laser assembly 10 are in proper position.

[0027] In certain embodiments, adhesive elements 20 may be formed of acrylated
urethane, such as Multi-Cure® 6-621 6-621, available from Dymax Corporation of Torrington,

CT.
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[0028] A thermal assembly 28 is positioned adjacent and axially outward of lens holder
14. Thermal assembly 28 may include a thermal insulator 30 that is positioned adjacent and
radially outward of lens holder 14. Thermal insulator 30 may be seated within a recess 32 formed
in lens holder 14. Thermal insulator 30 may be formed with a circular base 34 and a wall 36
surrounding base 34 and defining a recess 38 therein. A through aperture 40 may be formed in a
center of base 34 so as to allow laser light to pass through thermal insulator 30. Thermal insulator

30 may be formed of chlorinated polyvinyl chloride (CPVC), for example.

[0029] A thermal mass 42 of thermal assembly 28 may be positioned adjacent and axially
outward of thermal insulator 30, and may be seated within recess 38 of thermal insulator 30.
Thermal mass 42 may be formed with a circular base 44 and a wall 46 surrounding base 44 and
defining a recess 48 therein. A through aperture 50 may be formed in a center of base 44 so as to
allow laser light to pass through thermal mass 42. Thermal mass 42 may be formed of aluminum,

copper, stainless steel, or other thermally conductive material.

[0030] A thermal heat transfer pad 52 of thermal assembly 28 may be positioned adjacent
and radially outward of thermal mass 42, and may be seated in recess 48 of thermal mass 42.
Thermal heat transfer pad 52 may be a circular plate with a through aperture 54 extending
therethrough to allow laser light to pass though thermal heat transfer pad 52. Thermal heat transfer
pad 52 may be formed of a silicone material with a fiberglass carrier, for example. An exemplary
material for thermal heat transfer pad 52 is PS-1545 available from Polymer Science, Inc. of

Monticello, IN.

[0031] A VCSEL diode 56 of thermal assembly 28 may be positioned adjacent and radially

outward of thermal heat transfer pad 52. A printed circuit board (“PCB”) 58 of thermal assembly

-7 -
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28 may be positioned adjacent and axially outward of thermal insulator 30, thermal mass 42, and
thermal heat transfer pad 52. VCSEL diode 56 may be operably mounted to PCB 58, and a portion
of VCSEL diode 56 may be received in aperture 54 of thermal heat transfer pad 52, aperture 50 of

thermal mass 42. In certain embodiments, PCB 58 has a circular shape.

[0032] A heat sink 60 may be positioned adjacent and axially outward of thermal assembly
28, and helps to dissipate heat generated by the thermal elements of PCB 58. Heat sink 60 may be

formed of aluminum or aluminum alloys such as 6061 aluminum or A356 aluminum, or of copper.

[0033] Heat sink 60 may be directly secured to lens holder 14 by way of bolts 61, or other
suitable fasteners, thereby creating a subassembly of lens holder 14, thermal assembly 28, and heat

sink 60.

[0034] A cover 62 may be positioned adjacent and axially outward of heat sink 60, and
may include a plurality of apertures 64. In certain embodiments, apertures 64 are in the form of
slots. Cover 62 serves to protect laser assembly 10 and its components. Cover 62 may be
constructed from various materials (e.g. plastic) and secured to laser assembly base by bolts 66, or

other suitable fasteners.

[0035] As shown in FIGS. 4-5, PCB 58 is positioned adjacent to (e.g. operatively coupled
to) VCSEL diode 56 with laser subassembly 69 that comprises VCSEL laser 72. When assembling
laser assembly 10, PCB 58 can be rotated to compensate for any difference in polarity associated
with VCSEL laser 72, and once it is aligned properly and pointed in the proper direction, adhesive
elements 20 can be cured. Alignment and pointing of VCSEL laser 72 can affect the wavelength

accuracy of the measured spectra. If the alignment and pointing is off target, accuracy tests will
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fail and/or a wrong answer will be provided. It can also contribute to a decrease in spectral

resolution performance of the FTIR spectrometer.

[0036] It is to be appreciated that VCSEL laser 72 has a temperature coefficient of
approximately 0.06nm/K. As noted above, temperature change can produce wavelength shifts,
which can result in the measured IR spectrum being out of the specified wavelength accuracy. In
certain embodiments, operation of VCSEL laser 72 may be shut down if its surrounding
temperature gets too high. For example, VCSEL laser 72 may be shut down if its surrounding

temperature rises above 62 °C.

[0037] Adhesive elements 20 may be cured with a UV cure wand, for example. In certain
embodiments, three of the six adhesive elements 20 that are equally spaced from one another may

be cured first, followed by the other three equally spaced adhesive elements 20.

[0038] As described above, PCB 58 is positioned adjacent to VCSEL diode 56 that may
include housing 68, such as a TO- 46 can, within which laser subassembly 69 may be positioned.
Laser subassembly 69 may include a thermoelectric cooler (TEC) 70 seated within housing 68 and
VCSEL laser 72 mounted on TEC 70. Laser subassembly 69 may also include thermistor 74
mounted on TEC 70, which provides feedback to a temperature controller (not shown) that

regulates cooling of the TEC 70.

[0039] An inner surface of PCB 58 is shown in FIG. 5. In this embodiment VCSEL diode
56 is mounted in a center of PCB 58, and is surrounded by a plurality of thermistors 76 interspersed
between a plurality of heating elements 78. In certain embodiments, heating elements 78 may be
resistors. In certain embodiments, three thermistors 76 are spaced equally at 120 degree intervals

around VCSEL diode 56, with a plurality of heating elements 78 positioned between each set of

-9.
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adjacent thermistors 76. In certain embodiments, three heating elements 78 are positioned between

each set of adjacent thermistors 76.

[0040] Thermistors 76 provide temperature readings to a temperature controller (not
shown), which calculates an average temperature and then regulates operation of heating elements

78 to produce a desired temperature.

[0041] The temperature of VCSEL laser 72 can therefore be accurately controlled through
the combination of cooling from TEC 70 and heating from heating elements 78 on PCB 58. Ata
macro level, heating elements 78 serve to provide heat to warm VCSEL laser 72, and thermal
assembly 28 helps to retain the heat in an area around VCSEL laser 72. Specifically, heat from
heating elements 78 heats thermal mass 42 in order to provide heat to the area around VCSEL laser
72, and this area is insulated by thermal insulator 30, which slows heat transfer away from VCSEL

laser 72.

[0042] Cooling is then applied as needed by way of TEC 70 to obtain a more precise
temperature control for VCSEL laser 72. Maintaining a precise temperature of VCSEL laser 72
will minimize adverse changes to the desired wavelength of the light produced by VCSEL laser

72.

[0043] In certain embodiments, heating elements 78, thermal assembly 28, and TEC 70
cooperate to maintain VCSEL laser 72 at a temperature of approximately 40°C +/- 70 millikelvin

or better.

-10 -
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[0044] Heat is provided by heating elements 78 such that the temperature of PCB 58 is
approximately 10-20°C above the air temperature. The cooling provided by TEC 70 is then used

to fine tune the temperature, and is considered to be the controlled variable.

[0045] A cooling temperature control assembly 80 is shown in FIG. 6, where the
temperature of TEC 70 is continuously monitored by thermistor 74, by means of a temperature
sensing circuit 82. The temperature is now represented by a voltage which is compared to a setpoint
84 at a summing junction 86. The difference between the setpoint and the measured temperature
(represented by a voltage) is referred to as the “error” voltage. A high-gain amplifier 88 amplifies
the error and passes the resulting voltage to the input of the current loop through a limiter 90.
Limiter 90 serves the purpose of setting a voltage limit at the input of a current loop 92. Since
current loop 92 produces a current proportional to the input voltage, limiter 90 effectively caps the
maximum current that can be produced by current loop 92. This is a useful function since it
prevents overloading of TEC 70, and avoids creating an “inversion” in the control loop that
happens when TEC 70 is driven with such high a current that it produces more heat than it can

remove, resulting in a runaway situation.

[0046] Current loop 92 operates in a manner similar to the temperature (outer) loop. The
current through TEC 70 is continuously monitored, and represented by a voltage generated by a
current sensor 94. The sensed current is compared to the command voltage coming from the
temperature loop’s error amplifier 88 via limiter 90, and an error voltage is produced. The error
voltage is passed to a high-gain amplifier 96 and then to a driver 98 capable of producing the

500mA maximum current that TEC 70 can accept.

-11 -
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[0047] Because the VCSEL laser 72 is spaced from thermistor 74, the accuracy of the
temperature control loop is somewhat reduced. The use of thermal assembly 28 to provide a
controlled and constant above ambient temperature around VCSEL laser can compensate for this

problem.

[0048] A heating temperature control assembly 100 as shown in FIG. 7. Heating
temperature control assembly 100 uses a feedback loop to control the temperature produced by
heating elements 78, along with large forward gain and frequency compensation in a manner

similar to that of cooling temperature control assembly 80.

[0049] A temperature sensor 101 formed of thermistors 76 measures the temperature and
provides a spatial average of the temperature of PCB 58. The temperature is now represented by
a voltage which is compared to a setpoint 102 at a summing junction 104. The difference between
the setpoint and the measured temperature (represented by a voltage) is referred to as the “error”
voltage. A high-gain amplifier 106 amplifies the error and passes the resulting voltage through a

voltage controlled power source 108 and a limiter 110.

[0050] As noted above, VCSEL laser 72 is also sensitive to current variations and,
therefore, requires a constant current in order to deliver a constant wavelength laser signal.
Changes in the laser current can result in a change in intensity since the intensity is proportion to
the current (Slope Efficiency), and a change in wavelength. It has been found that the wavelength
change for VCSEL laser 72 may be specified to be approximately 8ppm/mA. Thus, a change in
the laser current can cause a shift in the FTIR spectrum. The change in laser intensity may/may
not be visible to the user as the instrument is designed with some margin. However, in the extreme

case where the intensity is excessively high, the detector may become saturated and its gain drops,
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causing distortion. Ultimately clipping will occur and wavelength resolution is essentially lost. If
the laser current is too low, it will cause the laser signal to be more poorly represented relative to
the noise inherently present in the signal path. This, in turn, leads to increased noise-floor in the

FTIR spectrum and therefore poorer overall SNR from the user’s perspective.

[0051] As shown in FIG. 8, an integrated circuit 120 uses a control loop based regulation
scheme to control the current provided to VCSEL laser 72. Integrated circuit 120 has a precision
current reference built in, which is used as a setpoint for the control loop. A local feedback loop

is created with a setpoint resistor 122 and an output resistor 124.

[0052] In certain embodiments, setpoint resistor 122 may have a resistance of
approximately 20.0kQ and output resistor 124 may have a resistance of approximately 100kQ,
with approximately 0.1% tolerance and a temperature coefficient of 10ppm. In certain
embodiments, the current provided to VCSEL laser 72 is fixed at a value between approximately

1.976mA and 2.024mA.

[0053] The use of laser assembly 10 as described herein for supporting VCSEL laser 72
enables its use in a high performance FTIR spectrometer with a wavelength accuracy specification

of +0.02cm™ and a spectral resolution of < 0.25cm™..

[0054] The wavelength accuracy of an FTIR instrument with VCSEL laser 72 can be
tested by monitoring the CO peak of the IR spectrum over a period of time and temperature. The
nominal CO peak location is 2176.284 cm!. The wavelength accuracy requirement, denoted as

the LSL and USL, is + 0.02cm™.
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[0055] An FTIR instrument experiment was run using laser assembly 10 without thermal
assembly 28, the results of which are seen in FIG. 9. As shown here, the test was run over a 24
hour period, where the ambient temperature varied by approximately 3 °C. It can be seen that
there is a significant variation in the CO peak location, resulting in the wavelength accuracy

failing to meet requirements.

[0056] Another FTIR Instrument experiment was run using laser assembly 10 with
thermal assembly 28, the results of which are seen in FIG. 10. In this experiment the instrument
was tested in an environment chamber, the temperature of which was varied from 15 °C to 35 °C
over the course of the 24 hour test. As can be seen here, there is no significant variation in the

CO peak.

[0057] Those having skill in the art, with the knowledge gained from the present
disclosure, will recognize that various changes can be made to the disclosed apparatuses and
methods in attaining these and other advantages, without departing from the scope of the present
disclosure. As such, it should be understood that the features described herein are susceptible to
modification, alteration, changes, or substitution. For example, it is expressly intended that all
combinations of those elements and/or steps which perform substantially the same function, in
substantially the same way, to achieve the same results are within the scope of the embodiments
described herein. Substitutions of elements from one described embodiment to another are also
fully intended and contemplated. The specific embodiments illustrated and described herein are
for illustrative purposes only, and not limiting of that which is set forth in the appended claims.
Other embodiments will be evident to those of skill in the art. It should be understood that the
foregoing description is provided for clarity only and is merely exemplary. The spirit and scope

of the present disclosure is not limited to the above examples, but is encompassed by the following
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claims. All publications and patent applications cited above are incorporated by reference in their
entirety for all purposes to the same extent as if each individual publication or patent application

were specifically and individually indicated to be so incorporated by reference.
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WHAT IS CLAIMED IS:

1. A laser mount assembly comprising:
a lens holder including a collimating lens;
a laser subassembly positioned adjacent the lens holder and comprising:
a vertical-cavity surface-emitting laser;
a thermal electric cooler; and
a thermistor; and
a printed circuit board positioned adjacent the laser subassembly and including a plurality
of heating components,
wherein the heating components heat the area between the lens holder and the laser

subassembly.

2. The laser mount assembly of claim 1, further comprising a thermal assembly positioned
adjacent the lens holder and comprising:

a thermal insulator;

a thermal mass positioned adjacent the thermal insulator; and

a thermal heat transfer pad positioned adjacent the thermal mass.

3. The laser mount assembly of claim 2, wherein the thermal mass is formed of aluminum.

4. The laser mount assembly of claim 2, wherein the thermal mass, the thermal heat transfer
pad and the laser subassembly are all contained within the thermal insulator adjacent the printed

circuit board.

-16 -
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5. The laser mount assembly of claim 2, further comprising a heat sink positioned adjacent

the thermal assembly.

6. The laser mount assembly of claim 5, further comprising a cover positioned adjacent the
heat sink.

7. The laser mount assembly of claim 6, wherein the cover is formed of plastic.

8. The laser mount assembly of claim 6, wherein the cover includes a plurality of apertures.
9. The laser mount assembly of claim 8, wherein the apertures are in the form of slots.

10. The laser mount assembly of claim 1, wherein the printed circuit board includes a plurality
of thermistors.

11. The laser mount assembly of claim 1, wherein the printed circuit board is circular.

12. The laser mount assembly of claim 1, wherein the heating components are resistors.

13. The laser mount assembly of claim 1, wherein the printed circuit board includes a current

source for the vertical-cavity surface-emitting laser
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14. The laser mount assembly of claim 13, wherein the printed circuit board includes a current
Sensor.
15. The laser mount assembly of claim 1, further comprising a laser assembly base positioned

adjacent the lens holder.

16. The laser mount assembly of claim 15, further comprising a plurality of adhesive elements

securing the lens holder to the laser assembly base.

17. The laser mount assembly of claim 16, wherein the laser assembly base and the lens holder
include undercuts that cooperate to define a keystone slot, the adhesive elements being positioned

within the keystone slot.

18. The laser mount assembly of claim 16, wherein six adhesive elements secure the lens

holder to the laser assembly base.

19. The laser mount assembly of claim 16, wherein the adhesive is an acrylated urethane.

20. A method of heating a laser mount assembly comprising:
providing a laser mount assembly comprising:
a lens holder including a collimating lens;
a laser subassembly positioned adjacent the lens holder and comprising:

a vertical-cavity surface-emitting laser;

-18 -
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a thermal electric cooler; and
a thermistor; and
a printed circuit board positioned adjacent the laser subassembly and including a
plurality of heating components;
heating the area between the lens holder and the laser subassembly to above a setpoint for
the thermal electric cooler; and
cooling the vertical-cavity surface-emitting laser to the desired setpoint using the thermal

electric cooler and the thermistor.

21. The method of claim 20, wherein the setpoint temperature is 40°C +/- 70 millikelvin.
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