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In prior art, during operation a vertical laser suf- fers from undesirably
large amounts of heat genera- Technical Field
tion, whereby the efficiency and lifetime of the laser are undesirably low.
Therefore it would be desirable This invention relates to electrically
pumped sem-   5   to have a vertical laser in which the heat generation
iconductor lasers and more particularly to those      is reduced. which
emit light through a major ("horizontal") surface of the semiconductor and
which are known as "verti-   Summary of the Invention cal (cavity)" or
"surface (emitting)" lasers. 10      The heat generation in a vertical
semiconductor Background of the Invention                           laser
is reduced by attaching the top electrode directly to a peripheral (ring)
portion of the sidewall of the top In prior art, the structures of
electrically pumped  cladding region. That is, the top electrode penetrates
semiconductorlasers fall into two main categories: (1)  down into direct
contact with, a peripheral portion of "edge emitting" (or simply "edge")
lasers and (2) "sur-  15  the sidewall of the top cladding region. During
laser face emitting" (or simply "surface") or vertical lasers.  operation,
electrical current is injected laterally by the Both have an active region
which typically comprises  top electrode into the top cladding region and
hence a planar pn junction. Typically the plane of this pn  into the active
region, instead of being confined to in- junction is parallel to a major
surface of a semicon-  jection vertically downwards through the top mirror
ductor body, the major surface being considered   20  (relatively high
series resistance) and through the top somewhatarbitrarily to be
horizontal. In an edge laser,  cladding region before entering into the
active region light is emitted from one (or more) side edge(s) of the  as
in prior art. semiconductor, an optical cavity in the semiconductor being
created in the semiconductor body by virtue of  Brief Description of the
Drawing semi-reflecting optical mirror(s) located on the side   25 edge(s).
In a vertical laser, light is emitted from the top  This invention together
with its features, charac- or the bottom (major) surface, or both, of the
semi-  teristics, and advantages can be better understood conductor, an
optical cavity being created therein by  from the following Detailed
Description when read in virtue of semi-reflecting optical mirror(s)
located on  conjunction in which the FIGURE depicts a cross sec- the top or
bottom surface thereof, or both. Vertical  30   tion of a vertical laser in
accordance with an illustra- lasers appear to be more attractive from the
stand-   tive embodiment of the invention. Only for the pur- point of not
requiring the more difficult control over  pose of clarity, the FIGURE is
not drawn to any scale. the side edge contours as is required in the case
of horizontal lasers.                                    Detailed
Description Typically, in a vertical laser each of the mirrors is  35
formed by a quarter-wavelength-stack, such as a           As shown in the
FIGURE, a vertical (double-het- stack formed by a semiconductor
superlattice. A vert-  erostructure) laser 100, suitable for emitting light
hav- ical laser can be built as a double heterostructure, for  ing a
wavelength of approximately 0.87 [err] in accor- example, by successive
epitaxial growth ofthefollow-  dancewith an illustrative embodimentof the
invention ing semiconductor layers in spatial sequence upon a   40
includes a substrate 101 of [err] gallium arsenide into semiconductor
substrate: the bottom mirror, a bottom  which a light exit hole 102 has
been etched to enable optical cladding region, the active region, a top
clad-  the light (optical radiation) generated in the laser 100 ding
region, and the top mirror. Atop electrode is then  to exit therefrom. Upon
the substrate 101 has been formed on the top major surface of the top
mirror, for  successively grown--typically by molecular beam epi-
electrical access. Such a vertical (cavity) laser is dis-  45
taxy--approximately 20 periods of approximately closed in IEEE Journal of
Quantum Electronics, Vol.   0.060 [err] thick [err] / approximately 0.070
QE-21, No. 6. June 1985, pages 663-668. Many such     [err] thick
[err](AlAs), to form a bottom superlattice 103. vertical lasers can be
built simultaneously on a single  Each layer of the superlattice thus has a
thickness of such substrate in such a way that the amount of light-
one-quarter wavelength as measured in the layer. -e.g.. ON vs. OFF--emitted
by each laser can be con-   50   Such a superlattice acts as a bottom
specular reflect- trolled by an electrical signal independently of all  ing
light mirror (stack), which reflects approximately other lasers on the
substrate. Thus vertical lasers ap-  99% of normally incident light in the
laser. Upon the pear especially attractive for use in practical applica-
bottom superlattice 103 is located an [err] (bottom) clad- tions where more
than one independently controllable  ding layer 104 of [err] , typically
1.0 [err] thick source of light is desired. Typically the amount of light
55   with an impurity doping level of approximately 5x[err] emitted by each
such vertical laser is determined by  impurity ions per cubic centimeter.
Upon the [err] clad- the electrical current injected into the laser through
ding layer 104 is located in succession: a p type active the top electrode.
region 105, a [err] (top) type cladding layer 106, and a 2   
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superlattice 107, also containing approxi-  105; whereby the overall
electrical resistance and mately 20 periods.
hence heat generation of the laser 100 is reduced. More specifically, the
active region 105 compris-  Although the invention has been described in es
a p type gallium arsenide layer having an impurity   5   terms of a
specific embodiment various modifications doping concentration in the range
of typically approx-  can be made without departing from the scope of the
imately 1E15 to 1E16 per cubic centimeter and a    invention. For example,
p and n type materials can all thickness of typically approximately
0.5[err]. The [err]  be interchanged. Moreover, other III-V compound (top)
cladding layer 106 comprises a layer [err] of   semiconductors can be used,
such as InP/InGaAs. [err] having an impurity doping concentration   10
Also, the portion of the electrode 110 located on the of typically
approximately 1E19 per cubic centimeter  top surface of the [err] mirror
107 can be omitted or can and a thickness of typically approximately 1.0
[err].  have an aperture therein, so that optical radiation can The [err]
superlattice 107, which also acts as a 99%  be emitted by the laser 100
through the top surface specularly reflecting mirror (stack), contains
alternat-  of the [err] mirror 107 in addition to the bottom surface ing
layers of [err]  , each having a thickness   15  of the [err] mirror 103.
Finally, instead of double hetero- typically of approximately 0.060 [err],
and [err] AlAs,  junction structures, other structures can be used, each
having a thickness of typically approximately  such as multiple quantum
wells. 0.070 [err]. The layers 103, 104,105, 106, and 107 can all be grown
by molecular beam epitaxy. Thereafter, as by   20  Claims conventional
masking and wet etching with an aqu- eous mixture of phosphoric acid and
hydrogen perox-  1. A vertical semiconductor laser comprising ide, a
vertical trench 108 is etched, followed by an ion  (a) an optically active
region (105) located in implantation with Oxygen, [err] and hydrogen [err]
a semiconductor body; ions into the masked structure to produce a semi-  25
(b) a top optical cladding layer (106) located insulating region 109.
Advantageously the etching of     on top of the optically active region;
the trench 108 is allowed to proceed for a time suffi-   (c) a top mirror
(107) occupying the whole top cient for the bottom of the trench to
penetrate down     surface of the top cladding layer (106); and along the
sidewall of the top cladding layer 106 to a    (d) a top electrode (110);
position just above the top of the active region 105.  30  CHARACTERIZED IN
THAT Then a top electrode layer 110 of electrically conduc-         said
top electrode contacts a peripher- tive material, such as gold-beryllium
alloy overlaid     al portion of the sidewall of the top cladding with gold
is deposited for making ohmic contact with     layer. the [err]
superlattice 107 and for supplying a means for external contact therewith.
Typically, as viewed from   35  2. The laser of claim 1 further comprising
a bottom above, the trench 108 is annular shaped, and the [err]   cladding
layer (104) located on the bottom sur- mirror 107 is circular shaped, but
other shapes can be  face of the active region. used. It should be
understood that the underside of the  3. The laser of claim 2 further
comprising a bottom substrate 101 also is supplied with an ohmic contact
40  mirror (103) located on the bottom surface of the electrode (not
shown), typically made of gold-        bottom cladding layer.
germanium-nickel, as known in the art. The semi-insulating region 109
serves to force  4. The laser of claim 3 in which the top mirror is the
electrical current supplied by the electrode to be  formed by a
semiconductor superlattice stack. injected serially into the top cladding
layer 106 and   45 the active region 105, as is desired in a vertical
laser.  5. The laser of claim 4 which further comprises a During laser
operation, a voltage is applied to the  semiconductorsubstrate (101) having
atop major electrode layer 110 which produce a forward bias      surface
upon which the bottom mirror is located. across the pn junction between
layers 105 and 104. The light generated in the active region 105 finds
itself  so  6. The laser of claim 3 in which the bottom mirror is in a
highly reflecting Fabry-Perot cavity formed by   formed by a semiconductor
superlattice stack. the [err] mirror 107 and the [err] mirror 103, and at
the same time the undesirable relatively high electrical re-  7. The laser
of claim 6 in which the bottom mirror. sistance of the p superlattice 107
is substantially by-  the bottom cladding layer. the active region, the
passed by the penetration of the top electrode layer  55  top cladding
layer, and the top mirror have been 110 into the trench. Thus this top
electrode 110, which  successively epitaxially grown upon a top surface
laterally contacts the [err] cladding layer 106 at a per-  of a
semiconductor substrate. ipheral portion thereof, supplies an external low
resis- tive access thereto and hence to the active region  8. The laser of
claim 1 or claim 2 which further com- 3  
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superlattice 107, also containing approxi-  105; whereby the overall
electrical resistance and mately 20 periods.
hence heat generation of the laser 100 is reduced. More specifically, the
active region 105 compris-   Although the invention has been described in
es a p type gallium arsenide layer having an impurity   5   terms of a
specific embodiment various modifications doping concentration in the range
of typically approx-  can be made without departing from the scope of the
imately 1E15 to 1E16 per cubic centimeter and a     invention. For example,
p and n type materials can all thickness of typically approximately
0.5[err]. The [err]  be interchanged. Moreover, other Ill-V compound (top)
cladding layer 106 comprises a layer [err] of    semiconductors can be
used, such as InP/InGaAs. [err] having an impurity doping concentration
10  Also, the portion of the electrode 110 located on the of typically
approximately I El 9 per cubic centimeter  top surface of the [err] mirror
107 can be omitted or can and a thickness of typically approximately 1.0
[err].  have an aperture therein, so that optical radiation can The [err]
superlattice 107, which also acts as a 99%   be emitted by the laser 100
through the top surface specularly reflecting mirror (stack), contains
alternat-  of the [err] mirror 107 in addition to the bottom surface ing
layers of  [err] each having a thickness  15  of the [err] mirror 103.
Finally, instead of double hetero- typically of approximately 0.060 [err],
and [err] AlAs,  junction structures, other structures can be used, each
having a thickness of typically approximately  such as multiple quantum
wells. 0.070 [err]. The layers 103, 104, 105, 106, and 107 can all be grown
by molecular beam epitaxy. Thereafter, as by   20   Claims conventional
masking and wet etching with an aqu- eous mixture of phosphoric acid and
hydrogen perox-  1. A vertical semiconductor laser comprising ide, a
vertical trench 108 is etched, followed by an ion  (a) an optically active
region (105) located in implantation with Oxygen, [err] and hydrogen (H)
a semiconductor body; ions into the masked structure to produce a semi-  25
(b) a top optical cladding layer (106) located insulating region 109.
Advantageously the etching of      on top of the optically active region;
the trench 108 is allowed to proceed for a time suffi-    (c) a top mirror
(107) occupying the whole top cient for the bottom of the trench to
penetrate down      surface of the top cladding layer (106); and along the
sidewall of the top cladding layer 106 to a     (d) a top electrode (110);
position just above the top of the active region 105.  30  CHARACTERIZED IN
THAT Then a top electrode layer 110 of electrically conduc-          said
top electrode contacts a peripher- tive material, such as gold-beryllium
alloy overlaid      al portion of the sidewall of the top cladding with
gold is deposited for making ohmic contact with      layer. the [err]
superlattice 107 and for supplying a means for external contact therewith.
Typically, as viewed from   35  2. The laser of claim 1 further comprising
a bottom above, the trench 108 is annular shaped, and the [err]
cladding layer (104) located on the bottom sur- mirror 107 is circular
shaped, but other shapes can be  face of the active region. used. It should
be understood that the underside of the  3. The laser of claim 2 further
comprising a bottom substrate 101 also is supplied with an ohmic contact
40  mirror (103) located on the bottom surface of the electrode (not
shown), typically made of gold-          bottom cladding layer.
germanium-nickel, as known in the art. The semi-insulating region 109
serves to force   4. The laser of claim 3 in which the top mirror is the
electrical current supplied by the electrode to be  formed by a
semiconductor superlattice stack. injected serially into the top cladding
layer 106 and   45 the active region 105, as is desired in a vertical
laser.  5. The laser of claim 4 which further comprises a During laser
operation, a voltage is applied to the  semiconductorsubstrate (101) having
atop major electrode layer 110 which produce a forward bias        surface
upon which the bottom mirror is located. across the pn junction between
layers 105 and 104. The light generated in the active region 105 finds
itself  50  6. The laser of claim 3 in which the bottom mirror is in a
highly reflecting Fabry-Perot cavity formed by    formed by a semiconductor
superlattice stack. the [err] mirror 107 and the [err] mirror 103, and at
the same time the undesirable relatively high electrical re-  7. The laser
of claim 6 in which the bottom mirror. sistance of the [err] superlattice
107 is substantially by-  the bottom cladding layer, the active region, the
passed by the penetration of the top electrode layer  55  top cladding
layer, and the top mirror have been 110 into the trench. Thus this top
electrode 110, which  successively epitaxially grown upon a top surface
laterally contacts the p' cladding layer 106 at a per-  of a semiconductor
substrate. ipheral portion thereof, supplies an external low resis- tive
access thereto and hence to the active region  8. The laser of claim 1 or
claim 2 which further com- 3 
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semi-insulating layer (109) located on a  Revendications sidewall of the
active region. 1. Un laser a semiconducteurs vertical comprenant 5
(a) une region active au point de vue optique Patentansprfiche
(105) se trouvant dans un bloc de semicon- ducteur; 1. Vertikaler
Halbleiterlaser mit                          (b) une couche de gaine
optique superieure (a) einem optisch aktiven Bereich (105), der in
(106) se trouvant sur la surface superieure de einem Halbleiterk8rper
angeordnet ist,   to         la region active au point de vue optique; (b)
einer oberen optischen Mantelschicht            (c) un miroir superieur
(107) occupant la tota- (106), die oberhalb des optisch aktiven Be-
lit6 de la surface sup6rieure de la couche de reichs angeordnet ist,
gaine sup6rieure (106); et (c) einem oberen Spiegel (107), der die ge-
(d) une Mectrode superieure (110); samte obere Oberflache der oberen
Mantel-  i5             CARACTERISE ENl CE QUE schicht (106) besetzt, und
l'lectrode superieure vient en contact (d) einer oberen Elektrode (110),
avec une partie perpherique de la paroi lat6- dadurch gekennzeichnet,
rale de ia couche de gains superieure. dag die obere Elektrode einen
umfanglichen Ab- schnitt der Seitenwand der oberen Mantelschicht  20   2.
Le laser de la revendication 1, comprenant en ou- kontaktiert.
tre une couche de gains inf6rieure (104) se trou- vant sur la surface
inf~rieure de la region active. 2. Laser nach Anspruch 1, ferner enthaltend
esine Bodenmantelschicht      3. Le laser de la revendication 2, comprenant
en ou- (104), die an der Bodenoberflache des aktiven   25   tre un miroir
infarieur (103) se trouvant sur la sur- Bereichs angeordnet ist.
face inferieure de la couche de gaine inf6rieure. 3. Laser nach Anspruch 2,
4. Le laser de la revendication 3, dans lequel le mi- ferner umfassend
einen Bodenspiegel (103), der       roir sup6rieur est forme par un
empilement de an  der Bodenoberflache der Bodenmantel-  30
superr6seau de semiconducteurs. schicht angeordnet ist. 5. Le laser de la
revendication 4. comprenant en ou- 4. Laser nach Anspruch 3,
tre un substrat semiconducteur (101) ayant une in welchem der obere Spiegel
durch einen Halb-      surface principals sup6rieure sur laquelle se trou-
leiter-Obergitter-Stapel ausgebildet ist.   35       ve Is miroir
inf6rieur. 5. Laser nach Anspruch 4,                            6. Le laser
de la revendication 3. dans lequel le mi- welcher ferner sin
Halbleitersubstrat (101) mit ei-  roir inf6rieur est form6 par un
empilement de ner oberen Hauptoberfliche umfal3t, auf welcher
superr6seau de semiconducteurs. der Bodenspiegel angeordnet ist.
40 7. Le laser de la revendication 6, dans lequel le mi- 6. Laser nach
Anspruch 3,                               roir inf6rieur, la couche de
gains inferieure. la r6- in welchem der Bodenspiegel durch minen Halb-
gion active, la couche de gains superieure et le leiter-Obergitter-Stapel
ausgebildet ist.            miroir superieur ont ete formes successivement
45      par croissance epitaxiale sur une surface supe- 7. Laser nach
Anspruch 6,                               rieure d'un substrat
semiconducteur. in welchem der Bodenspiegel, die Bodenmantel- schicht, der
aktive Bersich, die obere Mantel-   8. Le laser de la revendication I ou de
la revendica- schicht und der obere Spiegel nacheinander epi-     tion 2,
comprenant en outre une couche semiiso- taxial auf einer oberen Oberflache
eines Halblei-  50  lante (109) se trouvant sur une paroi lat6rale de
tersubstrates aufgewachsen worden sind.              Ia region active. 8.
Laser nach Anspruch 1 oder 2. welcher ferner eine halbisolierende Schicht
(109) enthAlt, die an einer Seitenwand des aktiven Be-  55 reichs
angeordnet ist. 4    


