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(57) Abstract

A method for manufacturing a ridge in a channel laser diode in II-VI materials by etching grooves to form an active mesa flanked by
support mesas. The method involves using certain etchants for certain compositions of the II-VI layers so that the grooves can be formed
by wet chemical etching using only a single photolithographic process.
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Ridge-shaped laser in a channel

This invention relates semiconductor laser diodes, and in particular to

semiconductor laser diodes of the ridge-type.

BACKGROUND OF THE INVENTION

Ridge-type semiconductor laser diodes, sometimes known as mesa stripe
lasers, typically comprise a structure built up on a III-V substrate such as GaAs by epitaxial
deposition, usually by MOVCD or MBE, of very thin layers of III-V or II-VI materials to
form cladding, wave-guiding, and capping layers, followed by metallizations to contact the
substrate and the active mesa top on opposite sides of a P-N junction. Efficient operation
depends on population inversion of carriers under modest current conditions, which requires
that carrier injection and photon generation be confined laterally. An active mesa structure
functions to confine the carrier injection and photon generation laterally. The active mesa
resembles a ridge or stripe; hence, the name ridge-shaped stripes. To confine the photons
vertically, the layers flanking the active layer are given lower refractive indices.

The resultant active stripes have very small dimensions, typically about 1-
50 pm wide and about 0.5-10 pm high, and are vulnerable to damage. Especially is this the
case where the device is mounted upside down with the mesa side on a heat sink, which aids
in cooling the device. It is known to provide the active mesa in a channel flanked by side
mesas to protect the active mesa from physical damage. This has been accomplished in the
past by a number of processing steps involving several photoresist applications, mask
alignments, exposures and etching steps. This has proved to be time consuming and more
prone to rejects due to the large number of steps required.

Further, the situation is aggravated for certain kinds of laser devices, such

as II-VI laser devices, because of the sensitivity of these layers to contamination.

SUMMARY OF THE INVENTION

An object of the invention is an improved method for making

semiconductor laser diodes.

A further object of the invention is an improved method for making
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semiconductor ridge-shaped lasers in a channel.

The invention is based on the discovery that certain wet chemical etching
treatments can be carried out to produce the desired structure of the ridge-shaped laser in a
channel using only one photolithographic process, including one photoresist application and
one mask alignment and exposure step.

A feature of the invention is based on the discovery that with certain layer
compositions, a higher etch rate is experienced closer to the photoresist layer than further
away, with the result that the same material preferentially etches at certain locations. This
unusual result provides a favorable mesa structure which simplifies subsequent processing.

According to one aspect of the invention, the laser structure comprises a
graded layer preferably of ZnTe-ZnSe adjacent a ZnSe contact layer in turn adjacent a
quarternary layer. Certain etchants for etching through the graded layer and the ZnSe layer
etch faster close to the resist stripe, with the result that a desired tapered or positively sloped
mesa structure is achieved.

In accordance with another aspect of the invention, the etchant used for
the grading layer and the ZnSe comprises a solution of ethylene glycol, methyl alcohol or
methanol or other alcohol, HCI, and Br, in water.

The various features of novelty which characterize the invention are
pointed out with particularity in the claims annexed to and forming a part of this disclosure.
For a better understanding of the invention, its operating advantages and specific objects
attained by its use, reference should be made to the accompanying drawings and descriptive
matter in which there are illustrated and described the preferred embodiments of the

invention, like reference numerals identifying the same or similar elements.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

Fig. 1 is a schematic view, not to scale, of the structure of a laser of the
ridge in a channel type;

Fig. 2 is an enlarged view of the active mesa and underlying parts of the
structure of Fig. 1;

Fig. 3 is a view similar to Fig. 1 of the structure of another laser of the

ridge in a channel type.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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The invention is generally applicable to all semiconductor laser diodes
made in II-VI semiconductor materials. Such devices comprise a stack of II-VI layers
epitaxially grown on, typically, a GaAs substrate. Reference is made to USP 5,363,395,
whose contents are incorporated herein by reference, which describes one of a number of
different schemes for fabricating laser devices in II-VI materials. Such lasers are particularly
important as sources of blue-green light.

Fig. 1 illustrates one such laser structure suitable for generating blue-
green light. What is illustrated in Fig. 1 is part of the epitaxial structure 10 after formation
of the active area 12 and flanking support mesas 14. What is not shown as not important to
the invention are the subsequent depositidn of insulating and metallization layers to form
contacts to the active mesa top and substrate bottom. A typical geometry for a III-V laser
diode of the ridge in a channel type is illustrated in USP 5,399,885, Electron. Lett.,1979,
15, pp. 763-5, and Appl. Phys. Lett., 48 (2), 89 (1986), whose contents are herein
incorporated by reference. As will be observed, the contact metallization to the active mesa
top extends over the flanking mesas but is isolated therefrom.

The structure of one form of a laser for blue-green light emission is depicted
more clearly in the enlarged schematic view of Fig. 2. A semiconductor crystal substrate 16
of GaAs is provided, and grown thereon by conventional epitaxy techniques. such as MBE,
are a quarternary cladding layer 18 of ZnMgSeS followed by a thin wave guiding layer 20 of
ZnSeS, followed by the lasing active layer 22 of ZnCdSe forming a quantum well. All the
layers below the active layer 22 are of N-type conductivity. On top of the active layer are
then grown, all of P-type conductivity, wave guiding layer 24 of ZnSeS, followed by another
quarternary cladding layer 25 of ZnMgSeS, in turn followed by a ZnSe contact layer 26, a
graded layer 28 of ZnTe-ZnSe, and finally a cap layer of ZnTe 30. The contact layer 26, the
grading layer 28, and the cap layer 30 provide a good low-ohmic contact on the P side of the
structure. The contact layer 26 accepts a high dopant level, and the grading layer 28 acts as a
transition between it and the cap layer 30. Examples of the thicknesses of the layers, and
their compositions and that of their dopant species to provide the desired type and level of
conductivity can be found in the referenced *395 patent. The layers as grown extend across
the entire wafer, and the next step is to define the mesa structure, typically about 1-10 pm
wide, by etching parallel grooves 32 (Fig. 1) down through the structure to or in the
proximity of the upper P-type wave guiding layer 24 to form the active mesa 12 and the
flanking mesas 14. In the referenced Appl. Phys. Letters paper, the mesas are formed by

selective wet chemical (solution) etching. In the referenced Electronics Letters paper, the
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mesas are formed by a combination of ion milling and wet chemical etching. Neither of those
processes are suitable for the II-VI materials of the laser described in connection with Fig. 2.
The known process for II-VI materials requires several etching steps including several
photolithographic process steps and the inevitable mask alignment problems. The invention
accomplishes this with a single photolithographic process completely avoiding the mask
alignment problems.

In accordance with the invention, a conventional photolithographic process
is used to lay down in a conventional manner over the surface of the wafer with its grown
layers, indicated at 34 in Fig. 2, a conventional positive photoresist, e.g., of KTI or AZ
from Shipley. Then, a conventional exposure and development process is carried out to
pattern the resist layer to fbrm narrow resist bars of typically 1-10 um wide over the
locations where the mesas 12, 14, 16 are to be produced. The resist bars are shown
schematically in dashed lines at 36 in Fig. 2, to a different scale than that shown in Figs. 1
and 2. As an example, not to be deemed limiting, 5 um wide resist bars 36 are formed in the
[110] or [T110} (C1=1 with a bar over the 1) direction on the [100] oriented surface of the
top epitaxial layer 30. The following etchant solutions are then employed in sequence with
the single patterned resist layer 36 in place:

1. For etching of the ZnTe layer 34, 1 vol. part of a solution of H,0
(250ml), HNO, (25ml), K,Cr,0, (5gr) to 4 vol. parts of water. The etching stops or
significantly slows when the graded layer 28 is reached.

2. For etching of the graded layer 28 and ZnSe layer 26, including part of
the quarternary layer 25, a 5-component solution of ethylene glycol (50ml), methanol
(25ml), HCI (25ml), H,O (25ml), and Br, (0.25ml), applied for about 2-4 min. at room
temperature.

3. Etchant # 2 is followed by H,SO,:H,PO, (1:1) for about 1 min. in an
ultrasonic bath to remove any Se that may have been left over from the #2 etchant..

4. For the remainder of the quarternary layer 25, about 5 min. of conc.
HCI or HBr. The etching continues just until the ternary wave guiding layer 24 is reached.

The etch rate of the ternary layer 24 is much lower than that of the layers
above it so that the ridge or mesa height is mainly determined by the thickness of the
quarternary layer 25. The shape of the mesa depends upon the crystal orientation of the
layers. When the mesa stripe is oriented in the [110] direction, the mesas appear as
illustrated in Fig. 1, which have positively sloped sides that widen in the downward

direction. When the mesa stripe is oriented in the [110] direction, the mesas appear as
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illustrated in Fig. 3, which have negatively sloped sides that narrow in the downward
direction.

The mesa structure obtained in Fig. 1 is preferred because it assures good
coverage of the mesa sides with subsequently applied deposited insulating layers and
metallization layers. The excellent profile obtained is a result of the action of the #2 etchant
on the graded, ZnSe, and quarternary layers. It has been found that this etchant tends to etch
those layers faster at points closer to the resist than at points more remote from the resist. As
a result, the positively sloped mesas indicated in Fig. 1 are obtained.

It will be appreciated that it is the composition of the active stripe region
in the active mesa that determines the laser properties, and the composition of the flanking
mesas is not significant as they perform mainly a mechanical function, but the composition of
the layers in the flanking mesas happens to be the same as that of the active mesa, as they
are part of the the same wafer on which the layers are epitaxially grown, but by the
processing of the invention can be covered in an easy way with an insulating layer so that
current conduction is prevented. The invention is not limited to wafers or bars built up from
GaAs substrates but is also applicable to wafers or bars using other semiconductor
compounds or elements.

Following the etching of the grooves 32 and the deposition of an
electrically isolating layer, the structure is patterned for the metallization, and then a
metallization layer deposited in the usual way, typically by vapor deposition. As mentioned,
the arrangement of the active mesa in a channel flanked by support mesas allows the laser
chip to be mounted with its P-type side down on a suitable heat sink for improved cooling.

The principal advantage of the invention is to allow the use of only a
single photolithographic process for forming the grooves that define the mesa structure and
the supporting structures.

The invention is not limited to the specific compositions given as an
example for the cap, graded, contact, and cladding layers. Other compositions will also be
suitable for the improved process as described. For example, the cap layer 30 can be
constituted of BeTe, the graded layer 28 of ZnBeSe, the contact layer 26 of ZnSe, and the
cladding layer 25 of ZnMnSSe.

Moreover, etchant #1 can be substituted by H,0O (250 m!), H,SO, (25 ml)
and K,Cr,0, (5 grams).

With etchant #2, the ethylene glycol content can vary between about 40-
60 ml, the methahol content between about 20-30 ml, the HCI content between about 20-
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30 ml, the H,0O between about 20-30 ml, and the Br, content between about 0.2-0.3ml.
Also, glycerine, any alcohol or CCl, can be substituted for the methanol, HBr for the HCI,
and glycerol for the ethylene glycol. Other substitutions include Br, in an amount of about
0.375 vol. % of the solution.

While the invention has been described in connection with preferred
embodiments, it will be understood that modifications thereof within the principles outlined
above will be evident to those skilled in the art and thus the invention is not limited to the

preferred embodiments but is intended to encompass such modifications.
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Claims:

1. . In the fabrication of a semiconductor laser device of the ridge in a channel
type from a larger semiconductor crystal by etching grooves to define an active mesa flanked
by support mesas, said crystal comprising a substrate and a plurality of epitaxial layers
grown on the substrate, including an active layer, and above the active layer a wave guiding
layer, a cladding layer, and contact layer, all of said layers being constituted mainly of II-VI
materials, the process steps characterized in that:

(a) providing over the surface of the contact layer a patterned resist layer
with openings where the grooves are to be etched using a photolithographic process,

(b) etching through the contact and cladding layers while the resist layer
remains in place and without using a second photolithographic process.

2. The method of claim 1, wherein the grooves are formed by wet chemical
etching alone.
3. The method of claim 1, wherein the contact layers include a cap layer

comprising CdTe, ZnTe, or BeTe.
4, The method of claim 1, wherein the contact layers include a graded layer

comprising ZnTe-ZnSe.

S. The method of claim 1, wherein the contact layers include a contact layer
comprising CdSe or ZnSe.
6. The method of claim 2, wherein the wet chemical etching includes etching

with a 5-component solution of ethlene glycol, an alcohol or CCl,, HCI or HBr, and Br, in
water.

7. The method of claim 1, wherein the ethiene glycol, an alcohol or CCl,,
HCI or HBr, and Br, in water are in the relative proportions in volume parts of about
2:1:1:1/4:1.
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