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[571 ABSTRACT 
Semiconductor devices such as lasers which include a 
substrate with a channel therein with a clad layer over- 
lying the substrate and filling the channel exhibit irregu- 
larities such as terraces in the surface of the clad layer 
which are detrimental to device performance. These 
irregularities are substantially eliminated by forming the 
channel in a surface of a buffer layer greater than about 
4 micrometers thick on the substrate and forming the 
clad layer over the buffer layer and the channel. CW 
lasers incorporating the principles of the invention ex- 
hibit the highest output power in a single spatial mode 
and maximum output power which have been observed 
to date. 

15 Claims, 10 Drawing Figures 
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SEMICONDUCTOR STRUCTURE AND DEVICES 

The invention described herein was made in the per- 
formance of work under NASA Contract No. NAS 
1-17441 and is subject to the provisions of Section 305 
of the National Aeronautics and Space Act of 1958 (72 
STAT 435; 42 U.S.C. 2457). 

The invention relates to a semiconductor structure 
having a substantially planar surface and to  devices 
such as a semiconductor laser incorporating this struc- 
ture and to methods of making same. 

BACKGROUND OF T H E  INVENTION 
A semiconductor laser typically comprises a sub- 

strate, a first clad layer overlying a surface of the sub- 
strate, an active region overlying the first clad layer and 
a second clad layer overlying the active region and a 
pair of parallel reflecting end faces between which the 
laser oscillation occurs. This structure provides optical 
confinement in the transverse direction, the direction 
perpendiculai to the plane of the active region and to 
the direction of laser oscillation. In the lateral direction, 
the direction in the plane of the active region and per- 
pendicular to the direction of laser oscillation, it has 
been found useful to introduce a non-planar structure 
into the substrate in order to form a refractive index 
optical waveguide in the lateral direction. The non-pla- 
nar structure may be a rectangular, dovetail or V- 
shaped channel in the substrate's surface which extends 
between the end faces. Laser action then occurs in the 
active region over the channel with the laterally vary- 
ing distance between the higher refractive index sub- 
strate and the active region providing the refractive 
index guide. Such structures have been shown to pro- 
duce moderate output power, on the order of 20 milli- 
watts, in the fundamental spatial, lateral and transverse, 
mode. 

However, the deposition of the layers over the chan- 
nel in the substrate results in irregularities such as ter- 
races in the surfaces of these layers which in turn pro- 
duce kinks in the comparatively thin active layer over 
the channel. These irregularities produce non-uniformi- 
ties in the refractive index guide which affect the 
threshold, the lasing action and the mode structure of 
the output laser beam, thereby limiting the maximum 
power attainable from the laser and also the manufac- 
turing yield. Burnham et al. in U.S. Pat. No. 4,317,085 
and others have identified these irregularities as arising 
from differing liquid phase epitaxy growth rates on the 
different faces of the channel. Burnham et al. disclosed 
that these irregularities could be reduced or  eliminated 
by depositing the layers over a substrate mesa with the 
channel therein. This approach, however, requires two 
separate masking and etching steps, both of which must 
be carefully controlled to produce the desired result. 
Thus, it would be desirable to have a structure which 
substantially eliminated these growth-induced irregu- 
larities without the necessity of using the two step etch- 
ing process. 

SUMMARY OF T H E  INVENTION 
We have found that these irregularities in the surface 

of a layer formed over a surface of a substrate with a 
channel therein can be substantially eliminated using a 
semiconductor structure comprising a substrate, a 
buffer layer greater than about 4 micrometers (pm) 
thick overlying a surface of the substrate and having a 
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2 
channel therein and first clad layer which overlies the 
buffer layer and the channel and has a substantially 
planar surface. The invention is also a semiconductor 
laser including an active region and a second clad layer 
sequentially overlying this semiconductor structure. 

The invention also includes a method of forming a 
semiconductor structure having a substantially planar 
surface comprising the steps of forming a buffer layer 
equal to 4 pm thick on a surface of a substrate, forming 
a channel only in the buffer layer and forming a first 
clad layer having a substantially planar surface over the 
buffer layer and the channel. A method of forming a 
semiconductor laser of the invention includes the steps 
of sequentially forming an active region and a second 
clad region over the substantially planar surface of the 
semiconductor structure. 

BRIEF DESCRIPTION O F  THE DRAWING 
FIGS. 1-6 are photomicrographs of angle lap cross- 

sections and the top surfaces of wafers having different 
buffer layer thickness as labelled. 

FIG. 7 is a cross-sectional view of a semiconductor 
structure of the invention. 

FIG. 8 is a perspective view of a semiconductor laser 
of the invention. 

FIG. 9 is a cross-sectional view of a second embodi- 
ment of a semiconductor laser of the invention. 

FIG. 10 is a cross-sectional view of an optical wave- 
guide structure of the invention. 

DETAILED DESCRIPTION O F  PREFERRED 
EMBODIMENTS 

We have discovered that the irregularities in a nomi- 
nally planar surface of a first clad layer which occur 
when the layer is formed over a channel in the surface 
of a substrate can be substantially eliminated by forming 
a buffer layer greater than about 4 pm thick on a planar 
surface of the substrate and then forming the channel 
only in the buffer layer. The first clad layer and the 
remaining layers required for a particular device are 
then sequentially formed over the buffer layer with the 
channel therein. 

A series of wafers were prepared, each of which 
comprised of N-type GaAs substrate having a planar 
surface which is a (100) crystallographic plane, an N- 
type GaAs buffer layer whose thickness varied from 
wafer to wafer, a plurality of spaced-apart V-shaped 
channels oriented in the [ 1101 crystallographic direction 
in a surface of the buffer layer, an N-type AlGaAs first 
clad layer, an AlGaAs active layer, a P-type AlGaAs 
second clad layer and a P-type GaAs cap layer. 

FIGS. 1-6 are photomicrographs at 70x of portions of 
these wafers with the labelled buffer layer thicknesses. 
The bottom portion of each photomicrograph shows a 
l o  angle-lap cross-section of the particular wafer with 
the layers over the buffers layer delineated by staining 
with sodium hypochlorite. The GaAs substrate and the 
buffer layer with the channels therein appear dark. The 
AlGaAs first clad layer over the buffer layer is lighter 
and the AlGaAs active layer appears as the dark line 
over the first clad layer. Since the buffer layer and 
substrate are composed of the same material their inter- 
face is not seen with the sodium hypochlorite stain. The 
thicknesses of the buffer layers were measured from 90" 
cross sections using an A-B stain, as described by G.  
Olsen et al. in the Journal of Applied Physics 45, 5 112 
(1974), and are estimated to be accurate to within about 
k0.2 pm. 
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The dimensions in the vertical direction for the chan- buffer layer 64 having a surface 66 overlying a surface 
ne1 depth and the layer thicknesses are magnified by the of the substrate. The buffer layer 64 is composed of a 
angle lap. The top portion of each photomicrograph first region 68 of first conductivity type and a second 
shows a part of the top surface of the wafer with the region 70 of the opposite conductivity type adjacent to 
irregularities parallel to the channels which propagated 5 the surface 66. The resistivity of the first region 68 is 
from the underlying layers to the surface of the cap preferably substantially the same or less than that of the 
layer clearly visible. substrate 4. A channel 72, shown as trapezoidal in 

From the photomicrographs it is clear that the irregu- shape, extends from the surface 66 through the second 
larities on the otherwise planar surface of the first clad region 70 and into the first region 68. A first clad layer 
layer decrease with increasing buffer layer thickness 10 16 overlies the buffer layer 64 and the channel 72 and 
and are substantially eliminated for buffer layer thick- has a substantially planar surface 18. An active region 
nesses greater than about 4 pm (FIG. 4). 74 comprising the first guide layer 36 and the active 

In FIGS. 7-10 the numbering of the common ele- layer 38 overlies the surface 18. A cap layer 76 having 
ments is the same. a surface 78 overlies the second clad layer 42 and has 

In FIG. 7 a semiconductor structure 2 comprises a 15 opposite conductivity type to that of the second clad 
substrate 4 having first and second planar major sur- layer 42. A high conductivity region 80 having the same 
faces 6 and 8, respectively. A buffer layer 10 having a conductivity type of that of the second clad layer 42 
surface 12 overlies the surface 6. A channel 14, shown extends through the cap layer 76 and into the second 
as V-shaped, extends a distance into the buffer layer 10 clad layer 42. 
from the surface 12. A first clad layer 16 overlies the 20 In the operation of the laser 60, if the substrate 4 is 
surface 12, fills the channel 14 and has a substantially N-type, a forward bias applied between the electrical 
planar surface 18. contacts 54 and 56 will reverse-bias the P-N junctions at 

In FIG. 8 a semiconductor laser 20 includes a semi- the surface 66 of the buffer layer 64 and at the interface 
conductor body 22 having a pair of substantially paral- between the second clad layer 42 and the cap layer 76. 
le1 end faces 24 and a pair of sidewalls 26 extending 25 The electrical current through the body 62 is then con- 
between the end faces 24. The end faces 24 reflect light strained to flow into the second clad layer 42 only 
at the lasing wavelength to form a laser cavity with at through the high conductivity region 80 and into the 
least one of the end faces 24 being partially transparent buffer layer 64 only through that portion of the channel 
so that light may be emitted therefrom. The body 22 72 extending into the first region 68. 
includes the semiconductor structure 2 as shown in 30 The substrate 4 is typically composed of N-type 
FIGURE 7 with an active region 34 comprising a first GaAs having a resistivity between about and 
guide layer 36 having a substantially planar surface, an 10-20hm-cm. The first major surface of the substrate is 
active layer 38 having substantially uniform thickness typically a (100) plane and is preferably oriented as 
and a second guide layer 40 overlying the surface 18 the closely as possible to this plane. The buffer layer 16 
first clad layer 16. A second clad layer 42 overlies the 35 preferably contacts the substrate and is composed of 
active region 34 and a cap layer 44 having a surface 46 N-type GaAs having a resistivity between about 
overlies the second clad layer 42. An electrically insu- and 10-2ohm-cm. We have found that the buffer layer 
lating layer 48 overlies the cap layer 44 and has a open- must be at least 4 pm thick in order to eliminate the 
ing 50 extending therethrough over the channel 14. A irregularities that form in the overlying layers when 
high conductivity region 52 extends from a portion of 40 they are deposited directly onto a substrate having a 
the surface 46 in the vicinity of the opening 50 over the channel therein. Typically the buffer layer is greater 
channel 14 through the cap layer 44 and into the second than 4.5 pm thick and is preferably greater than 5 pm 
clad layer 42. A first electrical contact 54 overlies the thick. The channel 14 is formed in the buffer layer using 
electrically insulating layer 48 and contacts the surface standard photolithographic and chemical etching tech- 
46 of the cap layer 44 in the opening 50. A second elec- 45 niques, typically has a width of between about 3 and 5 
trical contact 56 provides electrical contact to the sec- pm at the surface 26 or 66 and is preferably less than 
ond major surface 8 of the substrate 4. about 7 pm wide at the surface 26 or 66. The channel 14 

The substrate 4, buffer layer 10, first clad layer 16 and has a depth of between about 0.8 and 1.5 pm. The shape 
the first guide layer 36 are of one conductivity type and of the channel, its width and depth in the finished prod- 
the second-guide layer 40, the second clad layer 42 and 50 uct depend upon the shape, width and depth of the 
the cap layer 44 are of the opposite conductivity type. channel prior to the deposition of the overlying layers 
The resistivity of the buffer layer 10 is preferably sub- and the extent of the melt etching at the start of the 
stantially the same or less than that of the substrate 4. deposition of the first clad layer 30. 
The high conductivity region 52 has the same conduc- For the laser 60 of FIG. 9 the buffer layer 64 is 
tivity type as, but a larger magnitude than, the second 55 formed in the same way and has the same thickness and 
clad layer 42 and cap layer 44. The purpose of the re- resistivity as the buffer layer 10 of the laser 20. A P-type 
gion 52 is to restrict the lateral confinement of the elec- dopant, typically zinc, is then diffused a distance of 
trical current to the region over the channel 14. between about 0.3 and 0.5 pm into the entire surface 66 

The refractive index at the lasing wavelength of the to form the second region 70. The channel 72 is then 
active layer 38 is greater than the refractive indices of 60 formed using standard techniques. 
the first and second guide layers 38 and 40, respectively. The first clad layer 16 is less than 1 pm thick and 
The refractive indices of the guide layers 36 and 40 are typically between about 0.3 and 0.6 pm thick over the 
greater than those of the adjacent clad layers 16 and 42, surface 12 or  66 and is composed of an N-type A1,Gal. 
respectively. The guide layers 38 and 40 and the clad VAS where v is between about 0.25 and 0.4. The first and 
layers 16 and 42 are preferably substantially transparent 65 second guide layers 36 and 40 are typically between 
at the laser wavelength. about 0.2 and 0.4 pm thick and are composed of N and 

In FIG. 9 a laser 60 includes a semiconductor body 62 P type Al,Gal.,As, respectively, where w is between 
having a substrate 4 of first conductivity type with a about 0.15 and 0.25. The active layer 38 is between 
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about 0.08 and 0.12 pm thick and is composed of AI,. 
Gai.,As where x is between about 0.0 and 0.07. It is to 
be understood that the guide layers are not necessary 
for the operation of useful laser devices. The active 
region may consist Simply of the active layers 38 on the 5 
first clad layer 30. The second clad layer 42 is about 1.5 
pm thick and is composed of Al,,Gal,,As where y is 
between about 0.25 and 0.4. The cap layer 44 of laser 20 
is type GaAs about O.' Prn thick. The 

We claim: 
1. A semiconductor structure comprising a substrate 

a buffer layer having a thickness greater than about 4 
micrometers thick overlying the first major surface 
and having a surface with a channel therein, said 
channel having a depth less than the buffer layer 
thickness; and 

a first clad layer overlying the buffer layer and the 

having first and second opposed major surfaces; 

Of 
cap layer 76 of laser 6o is 
The high conductivity regions 52 and 8o contain an 

Of N-type GaAs. lo channel and having a substantially planar surface; 
said substrate and said buffer layer being of one con- 

ductivity type with the resistivity of the buffer 
layer being substantially the same or less than the 
resistivity of the substrate. 

wherein the substrate and 
buffer layer are composed of the same Group 111-V 
alloy. 

3. The structure of claim 2 wherein the width of the 
channel at the surface of the buffer layer is less than 

excess concentration of P-type conductivity modifiers 
of between about 1 and 5 X lOi9/cmj. 

The electrically insulating layer 48 is typically com- 
posed of a silicon oxide formed by pyrolitic decomposi- 15 
tion of silane in an oxygen atmosphere. The opening 50 
is then formed using standard photolithographic and 
etching techniques. The first electrical contact 54 is 
typically composed of layers of titanium, platinum and 
gold sequentially deposited by vacuum evaporation 20 
followed by a sintering step. The second electrical about micrometers. 

manium, nickel and gold sequentially deposited by 
evaporation followed by a sintering step. The combina- 
tion of these electrical contacts together with a means 25 greater than about 
of constraining the electrical current distribution in the 
lateral direction are the means for providing electrical 
connections to the semiconductor body. 

A batch of semiconductor lasers are fabricated ac- 
cording to the principles of the invention and having 30 
the structure shown in FIG. 8 with a 4.9 pm thick buffer 
layer, a 0.1 pm thick active layer, a 6 pm wide and 1.3 
pm deep V-shaped channel and without the guide lay- 
ers. Lasers from this batch had a CW output power of 
about 100 milliwatts in a single spatial mode with less 35 
than 10% of the power in spectral sidebands, a CW 
output power greater than about 150 milliwatts in a 
single spatial mode and a maximum CW output power 
of 190 milliwatts. The combination of these output POW- 
ers and mode characteristics are significantly greater 40 
than any previously reported for a semiconductor laser. 

The semiconductor structure 2 Of FIG. 7 is also useful 
in other devices such as an optical waveguide 90, shown 
in FIG. 10, which includes waveguide layer 92 overly- 
ing the substantially planar surface 18 of the first clad 45 
layer 16 and a cover layer 94 overlying the waveguide 
layer 92. A first electrical contact 96 to the cover layer 
94 and a second electrical contact 98 to the substrate 4 

erties of the waveguide layer 92. 
The waveguide layer 92 in which light propagates 

has a higher refractive index than the contiguous layers 
and preferably has substantially intrinsic conductivity 
type. The waveguide layer 92 and the contiguous layers 
are preferably substantially transparent. 

While the structure and devices of the invention have 

2, The structure of claim 

contact 56 is typically composed of layers of gold, ger- 4. The structure of claim 3 wherein the buffer layer is 
greater than about 4.5 micrometers thick. 

5. The structure of claim 4 wherein the buffer layer is 

6. The structure of claim 1 further comprising: 
an active region overlying the first clad layer; and 
a second clad layer oveflying the active region and 

having the opposite conductivity type to that of the 
substrate; 

said substrate, buffer layer, first and second clad lay- 
ers and said active region forming a body of semi- 
conductor material, said body having a pair of 
reflective end faces, at least one of which is par- 
tially transparent at a particular wavelength of 
light and said channel extending between said end 
faces. 

7. The structure of claim 1 further comprising a 

micrometers thick. 

: 

' 
waveguide layer overlying the first clad layer. 

wavelength comprising: 
8. A semiconductor laser for operation at a particular 

a body of semiconductor material having first and 
second reflective end faces, at least one of which is 
partially transparent so that light of said wave- 
length may be transmitted therethrough, said body 
comprising 

having first and second opposed major 
surfaces; 

micrometers overlying the first major surface and 
having a surface with a channel therein, said chan- 
ne1 extending between said end faces and having a 
depth which is less than the buffer layer thickness; 

a first clad layer overlying the buffer layer and the 
channel; 

a 

provide for the Optical prop- a buffer layer having a thickness greater than about 4 
50 

55  

been described as composed of GaAs and AlGaAs a]- 
lays, it is to be understood that other combinations of 

an active region overlying the first 
a second clad layer overlying the active region; and 

layer; 

Group 111-v alloys can be used. The layers are depose 
ited using standard liquid phase epitaxy techniques such 60 
as those disclosed by Lockwood et al. in US. Pat. No. 
3,753,801, incorporated herein by reference. The buffer 
layer is preferably formed on the substrate by liquid 
phase epitaxy, the channel is formed in the buffer layer 
and the remainder of the layers are then sequentially 65 
formed over the buffer layer. Preferably the substrate 
and buffer layer are composed of the same Group 111-V 
alloy. alloy. 

means for providing electrical connections to said 
body; 

said substrate, buffer and first clad layers being of first 
conductivity type, the second clad layer being of 
the opposite conductivity type and the resistivity 
of the buffer layer being substantially the same as 
or less than the resistivity of the substrate. 

9. The laser of claim 8 wherein the substrate and the 
buffer layer are composed of the same Group 111-V 
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10. The laser of claim 9 wherein the width of the 
channel at the surface of the buffer layer is less than 
about 7 micrometers. 

11. The laser of claim 10 wherein the buffer layer is 
greater than about 4.5 micrometers thick. 

12. The laser of claim 11 wherein the buffer layer is 
greater than about 5 micrometers thick. 

13. The laser of claim 8 wherein the active region 
comprises an active layer and an adjacent guide layer. 

14. The laser of claim 13 wherein the guide layer 
overlies the first clad layer and the active layer overlies 
the guide layer. 

15. The laser of claim 8 further comprising a region of 
5 opposite conductivity type extending a distance into the 

buffer layer from said surface thereof with the channel 
extending through said region into the portion of the 
buffer layer of first conductivity type. * * * * *  
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