20177/129221 AT I 000 I OO OO0

<

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/129221 Al

3 August 2017 (03.08.2017) WIPO I PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
HO1S 5/16 (2006.01) HOI1S 5/18 (2006.01) kind of national protection available): AE, AG, AL, AM,
HO1S 5/227 (2006.01) HOIS 5/22 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
HOIS 5/02 (2006.01) HOIS 5/40 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
HOIS 5/10 (2006.01) HOIS 5/343 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. L HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(21) International Application Number: KZ. LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
PCT/EP2016/051441 MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(22) International Filing Date: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
25 January 2016 (25.01.2016) SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English
) (84) Designated States (uniess otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: FRAUNHOFER-GESELLSCHAFT ZUR GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
FORDERUNG DER ANGEWANDTEN FORSCHUNG TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
E.V. [DE/DE]; Hansastrasse 27¢, 80686 Miinchen (DE). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
. DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Inventors: MOHRLE, Martin; Biiltenring 7, 12683 Ber- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
lin (DE). THEURER, Michael; Proskauer Strasse 31, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
10247 Berlin (DE). SIGMUND, Ariane; Marchlewski GW, KM, ML, MR, NE, SN, TD, TG).
Strale 100, 10243 Berlin (DE). TROPPENZ, Ute; A
Miingersdorfer Strasse 39 E, 12524 Berlin (DE). Published:
(74) Agent: MATIKOWSKI & NINNEMANN: 15 09 20, —  with international search report (Art. 21(3))

10671 Berlin (DE).

(54) Title: METHOD FOR PRODUCING AN OPTICAL SEMICONDUCTOR COMPONENT AND OPTICAL SEMICONDUCT-
OR COMPONENT

FIG4

141

KL 130

N

RO NN
x\\:““\\“\\\\f\t
R

; ’ Y \"‘ ﬂ_—"""’—-m

_ o S, o
SN,

N

s o I A A

10

(57) Abstract: The invention relates to a method for producing an optical semiconductor component, comprising the steps of fabric -
ating an optical waveguide strip (12) of an optical waveguide (120), the waveguide strip (12) comprising at least one alumini-
um-containing active layer (122); generating at least one aluminium-free optically and/or electrically functional layer (13) in such a
way that it comprises a first and a second portion (131, 132), wherein the first portion (131) extends laterally along and/or above the
waveguide strip (14) and the second portion (132) covers at least one face (140) of the waveguide strip (12) at least in the region of
the active layer (122); completing the optical waveguide (120); and generating at least one optical facet (130) for injecting light into
or emitting light from the optical waveguide (120). The invention also relates to an optical semiconductor component.
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Method for producing an optical semiconductor component and optical semicon-
ductor component

Description

The invention relates to a method for producing an optical semiconductor component ac-
cording to claim 1 and optical semiconductor component according to claim 12.

It is known to use aluminium-containing semiconductor layers (e.g. multi-quantum well —
MQW layers such as InGaAlAs-MQW layers) as active material of semiconductor lasers or
amplifiers. These components have the potential for an improved high temperature behav-
ior because of the larger discontinuities of the conduction band and therefore may be op-

erated under less power consumption and may not require an active cooling device.

However, the active layers may oxidize because of their aluminum content; for example,
during a cleaving or etching step for generating optical input and/or output facets. An oxide
layer on the optical facets absorbs light which increases the temperature such that during
the operation of the component the optical facets may be damaged or even destroyed. The
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oxide layer on the laser facets may be removed and the facets may be covered by passiv-
ating layers. Further, if the optical facets are generated by means of an etching process, a
protective material may be grown for protecting the facets as disclosed in DE 101 57 233
A1. However, this method of protecting the optical facets requires at least one additional
epitaxy step, thereby e.g. increasing the fabrication costs.

It is an object of the invention to protect the optical facets while keeping the fabrication
process as simple as possible.

According to the invention, a method for producing a optical semiconductor component is

provided, comprising the steps of:

- fabricating an optical waveguide strip of an optical waveguide (e.g. an optical waveguide
layer stack), the waveguide strip comprising at least one aluminium-containing active
layer;

- generating at least one aluminium-free optically and/or electrically functional layer in
such a way that it comprises a first and a second portion, wherein the first portion ex-
tends laterally along and/or above the waveguide strip and the second portion covers at
least one face (front and/or rear face) of the waveguide strip at least in the region of the
active layer;

- completing the optical waveguide; and

- generating at least one optical facet for injecting light into or emitting light from the optical

waveguide.

The second portion of the functional layer protects the face of the waveguide strip against
oxidization and thus e.g. avoids aging problems due to an oxidation of waveguide facets.
The functional layer in particular is a layer that has an electrical and/or optical function in
the completed optical semiconductor component, i.e. a layer which has not only been pro-
vided for protecting the face of the of the waveguide strip. That is, instead of generating an
additional layer or an additional material region for the only purpose of protecting the face
of the waveguide strip, at least one of the component’s functional layers, which in any case
has to be generated, is modified such as to also cover at least one of the waveguide strip’s
faces (i.e. the front and/or rear face). Thus, no additional production step is needed for the
protection of the active layer of the waveguide strip.
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The “face” of the waveguide strip is a face that extends with an angle (e.g. perpendicular)
with respect to the longitudinal direction of the waveguide strip (at least with respect to the
longitudinal direction of the corresponding waveguide strip ending). If the optical waveguide
comprises two light coupling endings (as e.g. in an optical amplifier) such that the wave-
guide strip has a front and a rear face, the functional layer (i.e. its second portion) can be
formed in such a way that it covers both the front and the rear face of the waveguide strip

as mentioned above.

The optical facet provides an optical interface of the completed optical semiconductor com-
ponent via which light is coupled into the optical waveguide and/or light is decoupled from
the optical waveguide. In particular, the optical facet is created in such a way that the face
of the waveguide strip remains covered by the second portion of the functional layer. Ac-
cordingly, the second portion of the functional layer may not be removed before generating
the optical facet.

For example, the optical facet is created in such a way that it is at least partially formed by
a face of an aluminum-free material region adjacent the face of the waveguide strip, the
material region comprising at least a section of the second portion of the functional layer of
the optical semiconductor component. For example, the material region comprises the sec-
ond portion of the functional layer and/or a portion of another layer (e.g. of an upper clad-
ding layer) of the optical semiconductor component. According to another embodiment of
the invention, the optical facet is generated using an etching (wet or dry etching) or a cleav-
ing method.

The method according to the invention may be used for fabricating a buried heterostructure
component such as a buried heterostructure laser (e.g. a DFB laser, a DBR laser, a hori-
zontal cavity surface-emitting laser - HCSEL or a broad area laser) or amplifier (i.e. a sem-
iconductor optical amplifier — SOA or a reflective semiconductor optical amplifier — RSOA).
The method, however, may also be used for fabricating other devices such as photodiodes
or arrays of optical semiconductor components (see below). Further, the component might
have different active layers (e.g. different InGaAlAs-MQW layers).

Further, the functional layer may be an epitaxially grown layer. For example, the functional
layer is a blocking layer (in particular, of a buried heterostructure component).
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Moreover, before generating the optical facet, at least one cladding layer of the optical
waveguide may be generated above the functional layer.

For example, the active layer is a layer of a MQW stack such as an InGaAlAs-MQW stack.

The invention also relates to a optical semiconductor component, in particular fabricated

using the method as described above, the component comprising

- an optical waveguide that comprises a waveguide strip having at least one aluminium-
containing active layer;

- atleast one aluminium-free optically and/or electrically functional layer comprising a first
and a second portion, wherein the first portion extends laterally to and/or above the
active layer and the second portion covers at least one face of the waveguide strip at
least in the region of the active layer; and

- at least one optical facet for injecting light into or emitting light from the optical wave-
guide.

The optical semiconductor component may be a buried heterostructure component such
as a buried heterostructure laser or amplifier. For example, the optical facet is formed by
an aluminum-free material region adjacent the face of the waveguide strip, the material
region comprising at least a section of the second portion of the functional layer of the

optical semiconductor component.

The invention further relates to an array of a plurality of optical semiconductor components
according to the invention. For example, at least some of the optical semiconductor com-
ponents of the array may have different active layers (e.g. different MQWSs). However, other
layers of the two optical semiconductor components may be identical; e.g. the functional
layer and/or an upper cladding layer.

For example, the invention relates to an array comprising optical semiconductor compo-
nents in the form of SOAs, RSOAs, DFB lasers, DBR lasers and/or HCSELs, wherein the
active layers of at least some of the optical semiconductor components might be different
(e.g. different InGaAlAs-MQW layers) as already mentioned above. Further, at least some
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of the components may comprise different active layers (e.g. different InGaAlAs-MQW lay-
ers). Of course, the optical semiconductor components of the array may also comprise
identical active layers. The array may have optical faces on front and/or rear sides of the
individual waveguide strips (generated by e.g. cleaving or etching) providing optical facets

of the semiconductor components.

Embodiments of the invention are described hereinafter with reference to the drawings, in

which:

Figures 1A to 3B illustrate steps during the fabrication of an optical semicon-
ductor component using a method according to an embodi-
ment of the invention;

Figure 4 shows a lateral view of an optical semiconductor component
according to an embodiment of the invention;

Figure 5 shows a lateral view of an optical semiconductor component
according to another embodiment of the invention;

Figure 6 depicts a front view of an array of optical semiconductor com-
ponents according to an embodiment of the invention;

Figures 710 9 depicts top views of arrays of optical semiconductor compo-

nents.

Figures 1A to 3A each show front views of a semiconductor structure during different steps
of a method according to an embodiment of the invention. More particularly, the method is
used for the production of a optical semiconductor component in the form of a buried
heterostructure (BH) component (e.g. a laser or an optical amplifier). Figures 1B to 3B show

the semiconductor structure in corresponding side views.

According to Figure 1A, lower cladding layers 11 (e.g. n-doped Indiumphosphide layers) or
a single lower cladding layer are arranged on a substrate 10 (e.g. an Indiumphosphide -
InP substrate). Further, a waveguide strip 12 is produced by arranging and structuring a
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plurality of lower waveguiding layers 121, a plurality of active layers in the form of alumi-
num-containing multi-quantum well layers 122 and upper waveguiding layers 123. The
multi-quantum well layers 122 (forming e.g. an InGaAlAs-MQW stack) form both the active
region and, together with the waveguiding layers (121, 123), the core of the optical wave-
guide of the optical semiconductor component.

The layers 121 — 123 are structured laterally and may also be structured in their front and
end regions such that the waveguide strip 12 is formed (which at this stage of the fabrication
of the semiconductor component has a ridge shape protruding from the lower cladding
layer 11).

In a subsequent production step (Figures 2A and 2B), functional layers in the form of block-
ing layers 13 are epitaxially grown in such a way that they comprises a first portion 131
having subsections 131a, 131b extending along opposite longitudinal sidewalls of the
waveguide strip 12. The first portion 131 of blocking layers 13 is at least partially arranged
on the lower cladding layer 11 and also covers the longitudinal sidewalls of the waveguide
strip 12. The blocking layers 13 may be formed by p- and n-InP or a semi-insulating material
(e.g. semi-insulating InP). If a DFB laser shall be produced, a Bragg grating will be gener-
ated before growing the blocking layers 13.

The blocking layers 13 further comprise a second portion 132 which covers a front face
140 of waveguide strip 12 and in particular covers the front face of the active MQW layers
122. The second portion 132 thus prevents oxidization of the front face of the aluminum-
containing MQW layers 122. Protecting the face 140 of the waveguide strip 12 e.g. allows
to keep the cleaved optical semiconductor component under normal ambient conditions

(e.g. in normal ambient air) for a longer period of time.

After growing the blocking layers 13, upper (e.g. p-doped) cladding layers 14 (or a single
upper cladding layer) are grown such that an optical waveguide 120 is realized comprising
at least the lower cladding layer 11, the waveguide strip 12 and at least portions of the
upper cladding layers 14. The upper cladding layers 14 comprise a section 145 extending
adjacent the second portion 132 of the blocking layers 13. The section 145 of the upper
cladding layers 14 and the second portion 132 of the blocking layers 13 thus form an alu-
minum free material region protecting the front face 140 of waveguide strip 12. Figures 3A
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and 3B show the completed BH structure. The blocking layers 13 and the upper cladding
layers 14 together at least essentially hermitically cover the entire active layers 122 such
that a laser 1 (or any other optical semiconductor component produced by means of the
method according to the invention) is e.g. suited for an airtight packaging of the optical

semiconductor component.

For generating an optical facet of the optical waveguide 120 permitting light produced by
the laser 1 to be coupled out of its optical waveguide 120, an etching process (such as a
wet etching process or dry etching process) is used. The etching process is carried out in
such away that an optical facet 130 is formed in the aluminum-free material region provided
by section 145 of the upper cladding layers 14 and the second portion 132 of the blocking
layers 13. More particularly, the optical facet 130 is formed by a face 1321 of the second
portion 132 of the blocking layers 13 and a face 141 of the upper cladding layer 14.

For example, the optical facet 130 extends vertically, i.e. perpendicular to the optical wave-
guide 120, through the upper cladding layer 14 and the second portion 132 of the blocking
layers 13 (Figures 2B and 4) or the optical facet 130 extends obliquely (with respect to the
optical waveguide 120) through the upper cladding layer 14 and the second portion 132 of
the blocking layers 13 (Figures 2B and 5). It is also possible that only section 145 of the
upper cladding layers 14 (which also can be regarded as “functional layer”) covers the front
face 140 of waveguide strip 12 such that the entire optical facet 130 is formed in the clad-
ding layer section 145. The optical facet 130 may be coated, e.g. using a high reflection or
anti-reflection coating.

Figure 6 relates to an array 200 comprising a plurality of optical semiconductor components
100a — 100e according to the invention, wherein each of the components 100a — 100e is a
buried heterostructure component such as a laser or an amplifier. It is possible that at least
some of the components have different active layers such that components with different
properties are realized. For example, components 100a and 100b comprise different multi-
quantum well layers 122a, 122b. However, the optical semiconductor components 100a —
100e are arranged on a common substrate 10 and may share some functional layers such
as the lower and the upper cladding layers 11, 14. Further, the blocking layers 13a — 13e
may be grown simultaneously (i.e. using the same processing step).
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Figure 7 depicts a top view of an array 200 of optical semiconductor components 100a —
100¢e (e.g. configured similarly or identically to the array shown in Fig. 6). Each one of the
components comprises a front optical facet 130a — 130e and a rear optical facet 1300a —
1300e. The optical facets are created by cleaving the substrate 10 (and the layers arranged
on the substrate) perpendicular to the direction of the optical semiconductor strip 100a —
100e (i.e. perpendicular to their optical waveguides).

According to the embodiment of Fig. 8, the front and rear optical facets 130a — 130e, 1300a
— 1300e are generated by means of an etching process (e.g. a wet etching process). The
resulting optical facets 130a — 130e, 1300a — 1300b are orientated perpendicular (Fig. 8)
or inclined (Fig. 9) with respect to the optical waveguides of the optical semiconductor com-
ponents 100a — 100e. It is also possible that each one of the components 100a — 100e

comprises individual front and/or rear facets.
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1. A method for producing an optical semiconductor component, comprising the steps of:
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- fabricating an optical waveguide strip (12) of an optical waveguide (120), the wave-
guide strip (12) comprising at least one aluminium-containing active layer (122);

- generating at least one aluminium-free optically and/or electrically functional layer
(13) in such a way that it comprises a first and a second portion (131, 132), wherein
the first portion (131) extends laterally along and/or above the waveguide strip
(12)and the second portion (132) covers at least one face (140) of the waveguide
strip (12) at least in the region of the active layer (122);

- completing the optical waveguide (120); and

- generating at least one optical facet (130) for injecting light into or emitting light from
the optical waveguide (120).

. The method as claimed in claim 1, wherein the optical facet (130) is created in such a

way that the face (140) of the waveguide strip (12) remains covered by the second por-
tion (132) of the functional layer (13).

. The method as claimed in claim 1 or 2, wherein the optical facet (130) is created in such

a way that it is formed by an aluminum-free material region adjacent the face (140) of
the waveguide strip (12), the material region comprising at least a section of the second
portion of the functional layer (13) of the optical semiconductor component.

. The method as claimed in any of the preceding claims, wherein the optical facet (130)

is created in such a way that it is at least partially formed by a face (1321) of the second
portion (132) of the functional layer (13).

. The method as claimed in any of the preceding claims, wherein the optical facet (130)

is generated using an etching or cleaving method.

. The method as claimed in any of the preceding claims, wherein the method is used for

fabricating a buried heterostructure component.

. The method as claimed in claim 6, wherein the method is used for fabricating at least

one buried heterostructure laser or amplifier.
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10.

11.

12.

13.

14.

10

. The method as claimed in any of the preceding claims, wherein the functional layer (13)

is an epitaxially grown layer.

. The method as claimed in any of the preceding claims, wherein the functional layer (13)

is a blocking layer.

The method as claimed in any of the preceding claims, wherein before generating the
optical facet (130), at least one cladding layer (14) of the optical waveguide (120) is
generated above the functional layer (13).

The method as claimed in any of the preceding claims, wherein the active layer (122)
is a layer of MQWs formed by InGaAsP, InGaAlAs and/or InGaAsP/InGaAlAs.

Optical semiconductor component, in particular fabricated using the method as

claimed in any of the preceding claims, comprising

- an optical waveguide (120) that comprises a waveguide strip (12) having at least
one aluminium-containing active layer (122);

- at least one aluminium-free optically and/or electrically functional layer (13) com-
prising a first and a second portion (131, 132), wherein the first portion (131) ex-
tends laterally to and/or above the active layer (122) and the second portion (132)
covers at least one face (140) of the waveguide strip (12) at least in the region of
the active layer (122); and

- atleast one optical facet (130) for injecting light into or emitting light from the optical
waveguide (120).

Optical semiconductor component as claimed in claim 12, wherein the optical facet
(130) is formed by an aluminum-free material region adjacent the face (140) of the
waveguide strip (12), the material region comprising at least a section of the second
portion of the functional layer (13) of the optical semiconductor component.

Array comprising a plurality of optical semiconductor components (100a — 100e) as

claimed in claim 12.
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15. Array as claimed in claim 14, wherein at least two of the optical semiconductor com-
ponents (100a — 100e) have different active layers (122a — 122¢).
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