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(57) Abstract: A tunable surface emitting laser includes on a semiconductor substrate (1) a first reflecting mirror (2); an active layer
(4) on the first reflecting mirror which may be a DBR; a current confinement layer (6) resulting from partial oxidation of an AlGaAs
layer; a conductive layer (7) on the current confinement layer (6) for providing a bias current to the active region; support portions
(8) made from electrically insulating material like undoped GaAs; and a conductive film (9) which is provided above the conductive
layer via a support portion (8) and which comprises a second reflecting mirror (11) like a HCG. A gap portion (14) is formed
between the conductive layer (7) and the conductive film (9). The conductive layer (7) includes a high resistivity region (13)
provided between the support portion (8) and the central current guiding region of the current confinement layer (6). Breakdown
voltage of the tuning part is increased and rapid wavelength tuning via corresponding currents provided to the electrodes (12) is en -
abled allowing for faster movement of the second reflector (11).
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Description

Title of Invention: TUNABLE SURFACE EMITTING LASER,
MANUFACTURING METHOD THEREOF, AND OPTICAL
COHERENCE TOMOGRAPHY APPARATUS INCLUDING

[0001]

[0002]

[0003]

[0004]

TUNABLE SURFACE EMITTING LASER
Technical Field

The present invention relates to a wavelength-variable light source, and more par-
ticularly, to a tunable surface emitting laser which moves a reflecting mirror to vary an
oscillation wavelength using a microelectromechanical system (MEMS) mechanism as

a wavelength variable mechanism.

Background Art

In recent years, in the medical field, a non-invasive and non-contact diagnostic
method called an optical coherence tomographic image diagnostic method (optical
coherence tomography, hereinafter abbreviated as OCT), which uses near infrared
rays, has been researched. Several approaches have been considered in OCT, with
OCT using a wavelength swept light source (swept source optical coherence to-
mography, hereinafter abbreviated as SS-OCT) attracting attention amongst others. A
wavelength-variable light source for SS-OCT requires a wide wavelength variable
width, a narrow spectral line width, and a high-speed operation. In order to satisfy such
a request, a wavelength-variable vertical cavity surface-emitting laser (hereinafter, ab-
breviated as a VCSEL) has been researched, in which an oscillation wavelength is
varied by changing a cavity length, by moving one reflecting mirror of the VCSEL
with an actuator fabricated with the MEMS technique.

As manufacturing methods of such a wavelength-variable VCSEL, there has been a
method of fabricating a separate movable portion and bonding the movable portion to a
semiconductor laser substrate, and a method of monolithically forming a movable
portion on a semiconductor laser substrate. For issues such as the alignment on
bonding and for simplicity of the process, the monolithically forming method has been
researched more.

NPL 1 discloses a wavelength-variable VCSEL formed monolithically using the
MEMS technique. Fig. 5A is a schematic plan view of a tunable surface emitting laser
of NPL 1, and Fig. 5B is a schematic cross-sectional view taken along the broken line
VB-VB of Fig. 5A. The tunable surface emitting laser is formed by stacking layers in
succession from a first reflecting mirror 2 to a layer which is to form a beam 9, which

is a movable portion, on a semiconductor substrate 1 and then performing processing
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[0005]

[0006]

[0007]

[0008]

[0009]

[0010]

such as selective etching to form the beam 9 and to form a first electrode terminal 10
and a second electrode terminal 12. At this time, in order to suppress degradation of an
active layer, layers from the first reflecting mirror 2 to the layer which is to form the

beam 9 are made of materials lattice-matching with the semiconductor substrate 1.
In NPL 1, GaAs is used for the semiconductor substrate 1. Further, GaAs or AlGaAs

is used for each of a distributed Bragg reflector (DBR) layer of the first reflecting
mirror 2, a first spacer layer 3, an active layer 4, a second spacer layer 5, an insulating
layer 6, and a conductive layer 7. Moreover, GaAs is used for a layer (sacrificial layer)
which is to form a support portion 8, and AlGaAs is used for the layer which is to form
the beam 9. A high contrast grating (HCG) is formed as a second reflecting mirror 11
on the beam 9.

The conductive layer 7 and the beam 9 are electrically separated from each other via
the support portion 8, and when a driving voltage is applied to the conductive layer 7
and the beam 9 via the first electrode terminal 10 and the second electrode terminal 12,
respectively, an electrostatic force is generated between the conductive layer 7 and the
beam 9. The beam 9 is drawn toward the conductive layer 7 by this electrostatic force,
and the cavity length between the second reflecting mirror 11 formed on the beam 9
and the first reflecting mirror 2 changes. Therefore, it is possible to change the os-

cillation wavelength of the laser.
Citation List

Non Patent Literature
NPL 1: High Contrast Granting VCSELSs: Properties and Implementation on InP-based
VCSELs, Technical Report No. UCB/EECS-2011-44

Summary of Invention

Technical Problem

In order to achieve improvement in resolution in the depth direction of a subject and
reduction in measurement time, it is required for the wavelength-variable light source
for SS-OCT to sweep a wide wavelength range at a high speed. A wavelength variable
range is determined by the displacement amount of a beam, and high speed per-
formance is limited by the resonance frequency of the beam.

In an electrostatic actuator, the displacement amount is controlled by a driving
voltage applied. A structure with a high resonance frequency has a high rigidity, and a
large displacement amount is therefore difficult to obtain with such a structure. Thus,
the driving voltage required to obtain a certain amount of displacement becomes higher
in a structure with a higher resonance frequency.

As an example, Fig. 6 illustrates a calculation result of the relationship between the

resonance frequency and the driving voltage required to obtain a certain amount of dis-
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[0011]

[0012]

[0013]

[0014]

[0015]

placement. The structure of a movable portion of an actuator is a simple clamped-
clamped beam structure. The beam is made of AlGaAs with an Al composition of 0.7,
the thickness is 250 nanometers, and the air gap is 1.8 micrometers. In Fig. 6, the
horizontal axis represents a resonance frequency of the structure when the length of the
beam is changed from 20 micrometers to 100 micrometers, and the vertical axis
represents a calculated value of the voltage required for a displacement of 0.6 mi-
crometers with respect to the structure. As the length of the beam shortens, the rigidity

of the beam becomes higher and the resonance frequency increases.
As can be seen in Fig. 6, when it is intended to achieve an operation at a high speed

while ensuring a certain amount of displacement, it is necessary to increase the driving
voltage. In order to increase the driving voltage, the support portion 8 which allows in-
sulation between the beam 9 and the conductive layer 7 is required to have a high
breakdown voltage.

However, for monolithic fabrication of the beam 9 on the semiconductor laser
substrate, the layer which is to form the support portion 8 is limited to a material of a
semi-insulating semiconductor which has an excellent lattice matching property with
the semiconductor substrate. Generally, a semi-insulating semiconductor which has an
excellent lattice matching property with a semiconductor substrate has a low
breakdown voltage, and there is a problem that the driving voltage cannot be increased.

For example, taking the example of GaAs that is used for the support portion in NPL
1, when the air gap is set at 1.8 micrometers, the breakdown voltage is 72 V. In this
case, in order to ensure a displacement amount of 0.6 micrometers, the beam will be
limited to a beam of a low rigidity with a resonance frequency of approximately 720
kHz or less. Therefore, it is not possible to achieve a higher speed operation.

In view of the above problems, the present invention provides a tunable surface
emitting laser which is capable of sweeping a wide wavelength range at a high speed
with an improved breakdown voltage of a support portion, a manufacturing method of
the tunable surface emitting laser, and an optical coherence tomography apparatus

including the tunable surface emitting laser.

Solution to Problem

A tunable surface emitting laser includes a first reflecting mirror; an active layer on
the first reflecting mirror; a conductive layer on the active layer; and a conductive
beam which is provided above the conductive layer via a support portion and which
comprises a second reflecting mirror. A gap portion is formed between the conductive
layer and the conductive beam. The conductive layer includes a high resistivity region
provided between the support portion and a region which faces the second reflecting

mirror.
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Advantageous Effects of Invention

[0016]  According to the present invention, a support portion and a region of a conductive
layer facing a second reflecting mirror are electrically separated by a high resistivity
region which is provided surrounded by the conductive layer. Therefore, the upper
limit of the driving voltage that can be applied between a beam and the region facing
the second reflecting mirror of the conductive layer can be increased. Consequently, a
high-speed tunable surface emitting laser with a wide wavelength variable range can be
achieved.

[0017]  Further features of the present invention will become apparent from the following de-
scription of exemplary embodiments with reference to the attached drawings.
Brief Description of Drawings

[0018] [fig.1A]Fig. 1A is a schematic plan view of Example 1 of a tunable surface emitting
laser according to an embodiment of the present invention.
[fig.1B]Fig. 1B is a schematic cross-sectional view of the Example 1 of the tunable
surface emitting laser according to the embodiment of the present invention.
[fig.2A]Fig. 2A is a schematic plan view of Example 2 of the tunable surface emitting
laser according to the embodiment of the present invention.
[fig.2B]Fig. 2B is a schematic cross-sectional view of the Example 2 of the tunable
surface emitting laser according to the embodiment of the present invention.
[fig.3A]Fig. 3A is a schematic plan view of Example 3 of the tunable surface emitting
laser according to the embodiment of the present invention.
[fig.3B]Fig. 3B is a schematic cross-sectional view of the Example 3 of the tunable
surface emitting laser according to the embodiment of the present invention.
[fig.4A]Fig. 4A is a diagram illustrating a portion of a manufacturing process of a
tunable surface emitting laser according to an embodiment of the present invention.
[fig.4B]Fig. 4B is a diagram illustrating a portion of the manufacturing process of the
tunable surface emitting laser according to the embodiment of the present invention.
[fig.4C]Fig. 4C is a diagram illustrating a portion of the manufacturing process of the
tunable surface emitting laser according to the embodiment of the present invention.
[fig.4D]Fig. 4D is a diagram illustrating a portion of the manufacturing process of the
tunable surface emitting laser according to the embodiment of the present invention.
[fig.4E]Fig. 4E is a diagram illustrating a portion of the manufacturing process of the
tunable surface emitting laser according to the embodiment of the present invention.
[fig.4F]Fig. 4F is a diagram illustrating a portion of the manufacturing process of the
tunable surface emitting laser according to the embodiment of the present invention.
[fig.4G]Fig. 4G is a diagram illustrating a portion of the manufacturing process of the

tunable surface emitting laser according to the embodiment of the present invention.
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[0019]

[0020]

[0021]

[0022]

[fig.4H]Fig. 4H is a diagram illustrating a portion of the manufacturing process of the
tunable surface emitting laser according to the embodiment of the present invention.
[fig.5A]Fig. SA is a schematic plan view of a tunable surface emitting laser according
to arelated art.

[fig.5B]Fig. 5B is a schematic cross-sectional view of the tunable surface emitting
laser according to the related art.

[fig.6]Fig. 6 is a diagram illustrating a relationship between a resonance frequency and
a voltage required to obtain a certain variable amount.

[fig.7]Fig. 7 is a schematic diagram of an optical coherence tomography apparatus
which is an application example of a tunable surface emitting laser according to an em-
bodiment of the present invention.

Description of Embodiments

Hereinafter, a tunable surface emitting laser according to embodiments of the present
invention will be described, with reference to the accompanying drawings.

Fig. 1A is a schematic plan view of a tunable surface emitting laser, and Fig. 1B is a
schematic cross-sectional view taken along the broken line IB-IB of Fig. 1A. In Figs.
1A and 1B, a DBR layer 2 which is a first reflecting mirror, a first spacer layer 3, an
active layer 4, a second spacer layer 5, an insulating layer 6, and a conductive layer 7
are stacked sequentially on a semiconductor substrate 1. A first electrode terminal 10
and a support portion 8 to support a beam 9 which includes a second reflecting mirror
11 are provided on the conductive layer 7, and a second electrode terminal 12 is
provided on the beam 9. The beam 9 and the conductive layer 7 are separated by a gap
portion 14 corresponding to the height of the support portion 8. The first spacer layer 3
and the second spacer layer 5 have a role of adjusting the optical distance between the
first reflecting mirror 2 and the second reflecting mirror 11.

As the second reflecting mirror 11, a semiconductor distributed Bragg reflector
(DBR), a dielectric DBR, a high contrast grating (HCG), or the like may be used. Par-
ticularly, it is preferable to use the HCG, which has a wide reflection band and is
structurally lightweight, thus being capable of high-speed operation. In the case of
using a semiconductor DBR as a reflecting mirror, it is preferable for the beam itself to
have a semiconductor DBR structure.

Further, in an embodiment of the present invention, in order to prevent a driving
voltage which is to be applied between the beam 9 and a region 15 which faces the
second reflecting mirror 11 of the conductive layer from being applied to the support
portion 8§, a high resistivity region 13 is provided between the region 15 which faces
the second reflecting mirror 11 of the conductive layer and the support portion 8§, so

that the region 15 and the support portion 8 are electrically separated from each other.
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In Fig. 1A, the high resistivity region 13 is provided surrounding the region 15 which
includes the first electrode terminal 10 and which faces the second reflecting mirror 11
of the conductive layer. However, the high resistivity region 13 is not limited to this.
The high resistivity region 13 may be a region which is in contact with the support
portion 8 as in Figs. 2A and 2B. Alternatively, the high resistivity region 13 may be
formed surrounding the periphery of the support portion § as in Figs. 3A and 3B.

[0023]  The high resistivity region 13 is obtained by increasing the resistivity by implanting
ions into the conductive layer 7. The purpose of increasing the resistivity of the high
resistivity region 13 is to electrically separate the region 15 which faces the second re-
flecting mirror 11 of the conductive layer and the support portion 8. Therefore, the re-
sistivity of the high resistivity region 13 is set equal to or more than 10 times, and more
preferably, equal to or more than 1000 times the resistivity held by the conductive
layer 7.

[0024]  For example, in the case where the conductive layer 7 is made of AlGaAs, either
hydrogen ions, oxygen ions, or boron ions can be preferably used as ions to be
implanted into the conductive layer 7. An accelerating voltage may be properly
selected so that the concentration of ions to be implanted becomes maximum in the
vicinity of the depth of the conductive layer 7. Further, the dose amount may be
selected appropriately in consideration of the required driving voltage, the plane
pattern of the high resistivity region 13, and the like, and a range between 1 x 102cm?
and 5 x 10 cm?, inclusive, is preferable. Moreover, in addition to ion implantation, a
method of oxide confinement is also possible.

[0025] By electrically separating the region 15 which faces the second reflecting mirror 11
of the conductive layer and the support portion 8, the voltage applied between the
region 15 which faces the second reflecting mirror 11 of the conductive layer and the
beam 9 is hardly applied to the support portion 8. Therefore, it is possible to apply a
voltage which is equal to or higher than the breakdown voltage of the support portion 8
between the region 15 which faces the second reflecting mirror 11 of the conductive
layer and the beam 9. Thus, a large displacement is possible even when the beam 9
with a high rigidity is used. That is, a tunable surface emitting laser having a structure
according to an embodiment the present invention is able to emit light by sweeping a
wide wavelength range at a high speed.

[0026]  Fig. 7 illustrates a schematic configuration of an optical coherence tomography
apparatus (hereinafter, referred to as OCT apparatus) which can suitably use a tunable
surface emitting laser according to an embodiment of the present invention as a light
source.

[0027]  Asa wavelength swept light source 501, a tunable surface emitting laser according to

an embodiment of the present invention is used. A laser beam whose wavelength varies
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[0028]

[0029]

[0030]

[0031]

[0032]

[0033]

[0034]

according to the time during which the laser beam is output from the wavelength swept
light source 501, passes through a fiber coupler 502 and is split into two parts. One ir-
radiates a subject through a lens. The other transmits through a collimator lens 506,
passes through an optical path length adjustment mechanism 507, and transmits

through a collimator lens 508, and is then condensed into a fiber.
Reflected light from the subject is gathered to the fiber coupler via a subject optical

path through which the reflected light from the subject transmits. That is, the reflected
light transmits through the lens again, returns to the fiber, passes through the fiber
coupler 502, and is led to a fiber coupler 504.

Further, light transmits through a reference light optical path which allows the light
to transmit through the optical path length adjustment mechanism and is gathered to
the fiber coupler. That is, the light which has passed through the optical path length ad-
justment mechanism 507 is also gathered to the fiber coupler 504.

At the fiber coupler (interference unit) 504, signal light from the subject and
reference light which has passed through the optical path length adjustment mechanism
507 are multiplexed, and an interference signal (interference light) is generated. The
interference signal is split into two parts at the fiber coupler 504, and only an in-
terference component of the interference signal is detected with a high S/N ratio at a
differential detector (light detector) 509.

For the interference signal detected by the differential detector 509, Fourier
transform is performed at a processing device 510 on interference spectral data of
uniform frequency intervals, and depth information of the subject is thus obtained. The
obtained depth information is displayed as a tomographic image on an image display
device 511.

By using a tunable surface emitting laser according to an embodiment of the present
invention as the light source 501, it is possible to provide an OCT apparatus with a
high resolution in the depth direction of a subject with a short measurement time.
Example 1

Hereinafter, a tunable surface emitting laser and a manufacturing method of the
tunable surface emitting laser according to Example 1 of an embodiment of the present
invention will be described. A known configuration or method may be applied to a part
where a detailed description is omitted.

Fig. 1A is a schematic plan view of the tunable surface emitting laser according to
the Example 1, and Fig. 1B is a schematic cross-sectional view of the tunable surface
emitting laser according to the Example 1. The semiconductor substrate 1 is provided
with the DBR layer 2 which is a first reflecting mirror, the active layer 4 which is

arranged above the DBR layer 2 and sandwiched between the first spacer layer 3 and
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[0035]

[0036]

[0037]

[0038]

the second spacer layer 5, the insulating layer 6, and the conductive layer 7. In the
Example 1, an n-type GaAs substrate is used as the semiconductor substrate 1. The
DBR layer 2 has a laminate structure of AlAs and GaAs. An InGaAs layer having a
multiplequantum well structure is used as the active layer 4, and an AlGaAs layer is
used as each of the first spacer layer 3 and the second spacer layer 5. As the insulating
layer 6, an AlGaAs layer, which is a semi-insulating semiconductor layer, obtained by
oxidizing all the parts of the insulating layer 6 except for the part directly below the
second reflecting mirror 11 (round area surrounded by dotted lines in Fig. 1A), is used.

The beam 9, which is formed of an n-type AlGaAs semiconductor conductive layer
with an Al composition of 0.7 with a thickness of approximately 0.25 micrometers, is
formed above the conductive layer 7, via the support portion 8 made of semi-insulating
GaAs with a thickness of approximately 8§ micrometers. For the beam 9, the HCG 11 is
provided which functions as the second reflecting mirror.

The second electrode terminal 12, which is formed of an AuGe layer with a thickness
of approximately 0.2 micrometers, an Ni layer with a thickness of approximately 10
nanometers, and an Au layer with a thickness of approximately 0.3 micrometers, is
provided on top of the beam 9. The first electrode terminal 10, which is formed of a Ti
layer with a thickness of approximately 50 nanometers and an Au layer with a
thickness of approximately 0.3 micrometers, is provided on top of the conductive layer
7 such that an area immediately below the beam 9 is avoided. Further, the conductive
layer 7 is provided with the high resistivity region 13, prepared by ion implantation,
which surrounds the region 15 which faces the second reflecting mirror 11 of the
conductive layer. Thus, the support portion 8§ is electrically separated from the region
15 which includes the first electrode terminal 10 and which faces the second reflecting
mirror 11 of the conductive layer.

Between the first electrode terminal 10 and the second electrode terminal 12, a
driving voltage can be applied by wiring which is not illustrated in Figs. 1 A and 1B.
When a driving voltage is applied between the two electrode terminals 10 and 12, the
beam 9 exhibits the same potential as that of the second electrode terminal 12, and a
region of the conductive layer 7 that is surrounded by the high resistivity region 13
exhibits the same potential as that of the first electrode terminal 10. This generates an
electrostatic force between the beam 9 and the region surrounded by the high re-
sistivity region 13, that is, the region 15 which faces the second reflecting mirror 11 of
the conductive layer, causing the beam 9 to be drawn toward the conductive layer 7
and causing a change in the gap portion 14.

Next, a manufacturing method of a tunable surface emitting laser according to an em-
bodiment of the present invention will be described with reference to Figs. 4A to 4H.

Figs. 4A to 4H illustrate a manufacturing method of the tunable surface emitting laser
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[0039]

[0040]

[0041]

[0042]

[0043]

[0044]

illustrated in Figs. 1A and 1B by using schematic cross-sectional views.

First, on top of the n-type GaAs semiconductor substrate 1, AlAs and GaAs are
stacked alternately to form the DBR layer 2, which is a first reflecting mirror. Then,
the first spacer layer 3 which is formed of AlGaAs, the active layer 4 which is formed
of InGaAs, the second spacer layer 5 which is formed of AlGaAs, and a layer which is
formed of AlGaAs are sequentially stacked. The layer which is formed of AlGaAs is
oxidized except some portions during the process and is prepared as the insulating
layer 6.

After stacking conductive AlGaAs to form the conductive layer 7 on top of the in-
sulating layer 6, a layer (support portion precursor layer) 8' which is to form a support
portion and which is formed of semi-insulating GaAs with a thickness of ap-
proximately 1.8 micrometers is stacked. Further, a layer (beam precursor layer) 9’
which is to form a beam and which is formed of n-type AlGaAs with an Al com-
position of 0.7 with a thickness of approximately 0.25 micrometers is stacked (Fig.
4A). The above-described stacked layers are each formed by a metal organic chemical
vapor deposition (MOCVD) method.

Next, on top of the layer 9" which is to form a beam, a mask 21 for ion implantation
is formed of a photoresist (Fig. 4B). Further, proton ions are implanted with an ac-
celerating voltage of 235 keV by a dose amount of 2 x 10" cm?, and the high re-
sistivity region 13 is formed with a width of 5 micrometers surrounding the region 15
which faces the second reflecting mirror 11 of the conductive layer (Fig. 4C).

After removing the ion implantation mask by a solvent (Fig. 4D), a pattern 22 which
covers an HCG pattern that is to function as a second reflecting mirror and a part to be
used as a beam is formed by using a resist on top of the layer 9' which is to form a
beam. Parts of the layer 9', which is to form a beam, and the layer 8', which is to form a
support portion, that are not covered with the mask are removed by dry etching until
reaching the conductive layer 7, and the layer 9' thereby has a beam shape (Fig. 4E).
Thus, through the above-described process, a beam 9 provided with the HCG pattern
that functions as the second reflecting mirror, can be formed.

Next, within the region 15 surrounded by the high resistivity region 13 with the
exposed conductive layer 7, Ti of approximately 50 nanometers and Au of ap-
proximately 300 nanometers are sequentially formed, which are then patterned by
using a photolithographic method, to form the first electrode terminal 10 (Fig. 4F).
Further, on top of the beam 9, AuGe of approximately 0.2 micrometers, Ni of ap-
proximately 10 nanometers, and Au of approximately 300 nanometers are sequentially
formed, which are then patterned by using the photolithographic method, to form the
second electrode terminal 12 (Fig. 4G).

Finally, by using a mixed solution of citric acid and hydrogen peroxide, a GaAs layer
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[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

of the layer 8' which is to form a support portion is subjected to selective etching to

pattern the support portion 8, and the gap portion 14 is thereby formed (Fig. 4H).
After forming the gap portion 14, a resonance frequency was measured, using a laser

Doppler vibrometer, and the measurement result was 1400 kHz. When applying a DC
voltage, a so-called pull-in phenomenon occurred at 125 V. However, no breakdown
phenomenon was seen at the support portion 8.

In comparison, a sample was fabricated in the same manner as the embodiment
except that proton implantation was not performed, and measurement was conducted
similarly. It was found that the resonance frequency was 1400 kHz, which is the same
as the embodiment. However, a breakdown phenomenon occurred at the support
portion § at the applied voltage of 70 V.

As is clear from the above result, the configuration of the embodiment of the present
invention enables application of a voltage higher than the breakdown voltage of the
support portion 8, onto the beam 9 and the region 15 facing the second reflecting
mirror of the conductive layer, and allows a large displacement even using the beam 9
with a high rigidity. Therefore, a tunable surface emitting laser configured according to
an embodiment of the present invention is capable of sweeping a wide wavelength
range at a high speed and can be suitably used as a light source for an OCT apparatus.

While the present invention has been described with reference to exemplary em-
bodiments, it is to be understood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims is to be accorded the
broadest interpretation so as to encompass all such modifications and equivalent
structures and functions.

This application claims the benefit of Japanese Patent Application No. 2013-247128,
filed November 29, 2013, which is hereby incorporated by reference herein in its
entirety.

Reference Signs List

1 Substrate

2 First reflecting mirror (DBR layer)

3 First spacer layer

4 Active layer

5 Second spacer layer

6 Insulating layer

7 Conductive layer

8 Support portion

9 Beam

10 First electrode terminal
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11 Second reflecting mirror (HCG)
12 Second electrode terminal

13 High resistivity layer

14 Gap portion
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Claims

A tunable surface emitting laser comprising:

a first reflecting mirror;

an active layer on the first reflecting mirror;

a conductive layer on the active layer; and

a conductive beam which is provided above the conductive layer via a
support portion and which comprises a second reflecting mirror,
wherein a gap portion is formed between the conductive layer and the
conductive beam, and

wherein the conductive layer includes a high resistivity region provided
between the support portion and a region which faces the second re-
flecting mirror.

The tunable surface emitting laser according to Claim 1, wherein a re-
sistivity of the high resistivity region is equal to or more than ten times
a resistivity of the conductive layer.

The tunable surface emitting laser according to Claim 1 or 2, wherein
the high resistivity region is a region where ions are implanted into the
conductive layer.

The tunable surface emitting laser according to Claim 3, wherein the
ions implanted to the high resistivity region are either hydrogen ions or
oxygen ions.

The tunable surface emitting laser according to any one of Claims 1 to
4, wherein the second reflecting mirror is a high contrast grating.

The tunable surface emitting laser according to any one of Claims 1 to
5, wherein the first reflecting mirror is a distributed Bragg reflector.
An optical coherence tomography apparatus comprising:

a light source;

a subject optical path through which a subject is irradiated with light
from the light source and through which reflecting light from the
subject transmits;

a reference light optical path through which the light from the light
source transmits by allowing the light to pass through an optical path
length adjustment mechanism;

an interference unit which causes reflecting light from the subject
optical path and light from the reference light optical path to interfere
with each other;

a light detector which detects interference light from the interference
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unit; and

a processing device which acquires a tomographic image of the subject
from an interference signal obtained by the light detector,

wherein the light source includes the tunable surface emitting laser
according to any one of Claims 1 to 6.

A manufacturing method of a tunable surface emitting laser, the
method comprising:

a step of sequentially forming a conductive layer, a support portion
precursor layer, and a conductive beam precursor layer on a substrate
including a first reflecting mirror and an active layer;

a step of forming a high resistivity region by increasing a resistivity of
a part of the conductive layer;

a step of patterning the support portion precursor layer and the beam
precursor layer;

a step of forming a second reflecting mirror in the beam precursor
layer; and

a step of removing a part of the support portion precursor layer to form
a conductive beam and a gap portion between the conductive beam and
the conductive layer.

The manufacturing method of the tunable surface emitting laser
according to Claim 8, wherein the step of increasing the resistivity of
the part of the conductive layer is performed by ion implantation.

The manufacturing method of the tunable surface emitting laser
according to Claim 9, wherein the step of increasing the resistivity of
the part of the conductive layer is performed by implanting hydrogen
ions or oxygen ions.

The manufacturing method of the tunable surface emitting laser
according to any one of Claims 8 to 10, wherein the high resistivity
region is formed between a region facing a part which is to be the
second reflecting mirror in the beam precursor layer and a part which is

to be a support portion in the support portion precursor layer.
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[Fig. 4E]
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