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been completely satisfactory. One technique is to em- ploy patterns of the
front metal contact which mech- Background
anically aid in spreading the current. Such patterns comprise fingers or
grid lines which extend away from The AlGalnP alloy system has been used
formak-   5   the bonding pad to which a wire bond is made. Such ing high
quality semiconductor lasers with an emitting  techniques are commonly used
in LEDs as well as wavelength around 670 nanometers. This alloy sys-  other
devices where current spreading Is desired. tem may also be useful for
making light-emitting di-  Even so, most of the light generated is under
the opa- odes (LEDs) in the wavelength range from about 560  que metal
patterns and is blocked. Anothertechnique to 680 nanometers by adjusting
the aluminum to gal-  10  is to use a transparentfront electrical contact
such as lium ratio in the active region of the device. Increasing
indium-tin oxide instead of metal. Such transparent aluminum proportion
provides shorter wavelengths. It  electrical contacts have high resistivity
and lead to has also been demonstrated that organometallic va-  high series
resistance in the device. por phase epitaxy provides means for growing
opti-   It is further known from US-A-4775876, descri- cally efficient
AlGalnP heterostructure devices.  15  bed in more detail below, to provide
a technique for In a surface-emitting LED of the type used forthe
distributing currentfrom the frontcontact to the active vast majority of
LED displays, the device geometry is  p-n junction so that light Is emitted
more uniformly simple, as shown in FIG. 1. In such a device, there is
throughout the junction and device efficiency is en- a GaAs n-type
absorbing substrate 10 on which sev-  hanced. eral epitaxial layers are
grown to form the LED. First,  20  EP-A-0334637 describes an edge-emitting
LED there is an n-type confining layer 11 of AlGalnP epi-  that emits
lightthrough an edge of the diode, substan- taxially grown on the GaAs
substrate. An active layer  tially parallel to the plane of the p-n diode
junction. In 12 of AlGalnP with an aluminum-gallium ratio select-  one
embodiment, the LED comprises an n-GaAs sub- ed to provide a desired
wavelength of emission is epi-  strate, a double hetero-junction InGaAlP
structure, a taxially grown on the n-type confining layer. The ac-  25
p-InGaP cap layerand an n-GaAs ohmic contact layer tive layer is topped by
a p-type confining layer 13,  over the cap layer. also of AlGalnP. Afront
electrical contact 14 is provid-  US-A-4775876 describes a photon recycling
sur- ed on the front or emitting face of the LED. A back  face-emitting
LED. The diode comprises a stack of di- contact 15 comprises a layer of
metal clear across the  rect bandgap semiconductor active layers on a sub-
GaAs substrate. Typically in use, the back electrical  30  strate with
increasing bandgap energy from the sub- contact is mounted on and
electrically connected to a  strate, separated by barrier layers having
higher metal lead.                                        bandgap energy
and capped with a window layer be- Efficient operation of the LED depends
on cur-  ing thick enough to evenly distribute current and hav- rent
injected from the metal front contact 14 spread-  ing a bandgap energy
higher than the active layers so ing out laterally to the edges of the LED
chip so that  35  as to be transparent to light emitted by the active lay-
light Is generated uniformly across the p-n junction. If  ers. Preferably,
the substrate Is GaAs, the active lay- the sheet resistance of the top
layerof semiconductor,  ers are doped GaAIAs and the window layer is
lattice namely, the upper p-type confining layer 13, is not low  matched
GaAIAs having a high enough Al content to enough, the current does not
spread sufficiently and  be transparent to photons. tends to flow directly
down beneath the front contact  40  The present invention provides a
surface-emit- toward the back contact. This type of current crowd-  ting
LED comprising: a semiconductor substrate; an ing" results in most of the
light being generated under  electrical contact to the substrate; active
p-n junction the opaque front contact. Much of the light generated  layers
of AlGalnP overthe substrate foremitting light; in this region is blocked
and absorbed within the LED  atransparentwindowlayerofGaAsP or GaPoverthe
chip, thereby severely limiting the efficiency of the   45  active layers
having a bandgap greaterthan the band- device.
gap of the active layers and a resistivity at least an or- In the usual
case of an LED grown with the p-type  derof magnitude less than the
resistivity of the active AlGalnP nearer the top or front surface of the
LED,  layers and lattice mismatched with respect to the ac- the front layer
has a very high resistivity and lateral  tive layers, and a metal
electrical contact over a por- current flow from the contact is severely
restricted.  50  tion of the transparent layer. The high resistivity is a
result of limited p-type dopant levels that are achievable in AllGalnP and
the low hole  Brief Description of the Drawings mobility In such material.
Further, resistivity increas- es as the proportion of aluminum Is increased
in the  These and other features and advantages of the alloy, so the
problem becomes more acute for short-  55  present invention will be
appreciated as the same be- wavelength LEDs.
comes better understood by reference to the following 



The techniques proposed for minimizing the cur-  detailed description when
considered in connection rent crowding problem in AlGalnP LEDs have not
with the accompanying drawings, wherein: 2    3                   EP 0 434
233 B1                 4 FIG. 1 illustrates in schematic transverse cross-
Suitable materials for the window layer are section a light-emitting diode
as provided in the  GaAsP and GaP, which are lattice mismatched to prior
art;                                      GaAs and may be used for devices
in the yellow to FIG. 2 is a similar schematic transverse cross-  green
parts of the spectrum. section of an AlGalnP light-emitting diode con-   5
As used herein, AlGalnP alloys have the formula structed according to
principles of this invention;  (err) to provide an active layer lattice and
matched to an opaque GaAs substrate. The range of FIG. 3 illustrates
schematically in transverse  x is from 0 to 1. In practice in the active
layer, x is in cross-section the product of steps performed   the range of
from 0 to 0.7. In a double heterostructure during fabrication of a
light-emitting diode.  10  LED as described herein, the confining layers
also have x in the range of from 0 to 1, however, to obtain Description
a high injection efficiency in the confining layer, x is in the range of
from 0.6 to 1. This has the unfortunate As shown in Fig. 2, an exemplary
light emitting di-  effect of increasing resistivity, and the resistivity
also ode (LED) constructed according to principles of this  15  is higher
for p-type material than n-type. The high re- invention has an n-type
substrate 20 of GaAs. On top  sistivity is a problem throughout the
composition of the substrate 20, there is a lower n-type confining  range,
but is particularly severe for shorter wave- layer 21 of AlGalnp. The lower
confining layer is over-  lengths where the aluminum content is high. lain
by an active layer 22 of n-type AlGalnP. The con-  The AlGalnP alloy chosen
for the active layer is ventional double heterostructure active portion of
the   20  determined by the color desired. For example, when LED Is
completed with an upper p-type confining lay-  x=0, the color of the LED is
deep red, for x is from 0.3 er 23 of AlGalnP. These three layers on the
substrate  to 0.4 the color is yellow, and green light is obtained are
considered the active layers of the device. A con-  when x is about 0.5.
The resistivity of the transparent ventional back electrical contact26 is
provided on the  window is about an order of magnitude less than the
opposite side of the substrate from the active layers.  25  resistivity of
the active layers. There is a trade off be- In an exemplary embodiment the
GaAs substrate  tween resistivity and thicknessof the window  Alower may be
in the range of from 150 to 200 micrometers  resistivity means that the
window can be thinner for thick. The confining layers have an exemplary
thick-  a given current spreading. A thicker window costs ness of 800
nanometers each, and the active layer 22  more to grow, hence it is
generally desirable to have has an exemplary thickness of 500 nanometers.
Zinc  30   a lower resistivity to minimize such costs. or preferably
magnesium may be used as a p-type do-    As an example, a window layer of
GaP approxi- pant, while tellurium is a suitable n-type dopant.  mately six
micrometers thick and doped with magne- Overlying the upperconfining layer
23 of AlGalnP   sium to an acceptor level around 1x10[err]was epi- is a
p-type window layer 24 epitaxially grown on the  taxially grown on a
conventional double heterostruc- upper confining layer. This layer is GaAsP
or GaP   35  ture AlGalnP light-emitting diode. Yellow lamps made having a
bandgap greater than that of the active lay-  from this material produced
light output levels as high ers of the LED so as to be transparent to the
light  as12 lumens/amp at 20 milliamps. Substantially iden- emitted by the
p-n junction of the LED.            tical lamps made without the GaP window
layer pro- The window layer is not only transparent, it has a  duce light
levels of only about 2.5 lumens/amp. When higher electrical conductivity
(lower resistivity) than   40  the electrically conductive, transparent
window is the AlGalnP. Atop or front electrical contact 25 may,  made with
a thickness of 15 micrometers, light output therefore, be a conventional
circular metal pad In the  levels of about 25 lumens/amp are achieved.
Thus, by center of the LED chip. Since the window layer has a  adding a
transparent electrically conductive semicon- high conductivity, it
significantly improves LED effi-  ductor window, the light output
performance can be ciency by promoting current spreading without block-  45
Increased from five to ten times the light output from ing the light
generated or increasing series resis-  a similar LED without such a window.
tance.                                                 Such a window has a
resistivity of about 0.05 The thickness of the window layer is not
critical,  ohm-centimeter, whereas the top confining layer of although,
generally speaking, thickerwindows tend to  such an LED has a resistivity
of about 0.5 ohm-cen- be desirable. Window thicknesses in the range of  50
timeter. 



from 2 to 30 micrometers are suitable. Relatively      The device described
has a substrate of GaAs, thickerwindows tend to promote currentspreading
for  which is opaque to light in the visible region. The a given
resistivity material, and they also have the  GaAs substrate is employed
since AlGalnP can be geometric effects of reducing total internal
reflection  epitaxially grown on the GaAs substrate with lattice of light
within the LED chip and reducing shadowing  55   matching over a continuous
range of composition be- by the front contact area 25. Preferably, the
thickness  tween the ternary end points of GalnP and AllnR of the window
layer is in the range of from 5 to 15 mi-  Since the GaAs substrate is
opaque, it precludes the crometers.
possibility of collecting light that Is emitted out of the 3    5
EP 0 434 233 B1                 6 back of the active layers.
tion have been described and illustrated herein, many An alternative
transparent substrate is Gap.    modifications and variations will be
apparent to those However, there are no direct bandgap compositions
skilled in the art. The invention has been described in in the AlGalnP
system that are lattice matched to  the context of a double heterostructure
LED with cer- GaP, so active layers grown on such a substrate are   5
tain doping of the layers. However, it will be apparent mismatched by
several percent The strain of this mis-  that the technique is suitable for
homojunction LEDs match causes a high dislocation density and the dis-  and
other active devices. locations degrade the optical properties of the Al-
The technique has been described for organome- GalnP.
tallic vapor phase epitaxial growth. It will be apparent Atransparent
substrate may, however, be provid-  10  that other growth techniques may
also be suitable. ed for the LED. In a method for making a transparent
Other materials, thicknesses, and the like, may be substrate, a temporary
opaque substrate layer 31 of  quite suitable and, therefore, within the
scope of the GaAs is employed (FIG. 3). On one face of this sub-  appended
claims, this invention may be practiced strate, a first confining layer 32
such as n-type Al-  otherwise than as specifically described. GalnP is
epitaxially grown. An active layer 33 of p-ty-  15 pe AlGalnP is
epitaxially grown on the first confining layer. A second confining layer 34
of p-type AlGalnP  Claims is then epitaxially grown on the active layer.
The n- and p-type materials may be reversed and are merely  1. A
surface-emitting LED comprising: exemplary. The active layers grown on the
GaAs sub-  20     a semiconductor substrate (20); strate are lattice
matched with the substrate and            an electrical contact (26) to the
substrate; therefore have a desirably low dislocation density.
active p-n junction layers of AlGalnP Next, a relatively thick layer 35 of
GaP is epitax-  (21,22,23) over the substrate for emitting light ially
grown on the second confining layer. There is a       a transparent window
layer (24) of GaAsP substantial lattice mismatch between the GaP and   25
or GaP over the active layers having a bandgap the underlying AlGalnP
material and with the GaAs      greater than the bandgap of the active
layers and substrate. This, however, turns out not to be a signif-  a
resistivity at least an order of magnitude less icant disadvantage and the
GaP remains transparent    than the resistivity of the active layers and
lattice and a good conductor for making electrical contact     mismatched
with respect to the active layers; and with the active layers.
30            a metal electrical contact (25) over a por- If desired,
lattice mismatch in the transition from  tion of the transparent layer.
AlGalnP to GaP may be accommodated over a short distance using linear
grading of composition, step  2. A surface-emitting LED according to claim
1, changes in composition, superlattices, or combina-     wherein said
active p-n junction layers comprise: tions of these techniques, as long as
the bandgap of  35    a first confining layer of n-type AlGalnP the GaP
material is greater than the bandgap of the    (21) on the substrate;
active AlGalnP layers so that the overlying GaP re-         an active layer
of n-type AlGalnP (22) on mains transparent to the emission wavelength of
the    the first confining layer, and LED.
a second confining layer of p-type Al- The GaP layer is grown at a much
higher growth  40  GalnP (23) on the active layer. rate than the AlGalnP
since dislocations in this layer are of little significance. The GaP layer
is also grown  3. A surface-emitting LED according to claim 1 much thicker
than the active layers to provide a de-   wherein said active p-n junction
layers comprise: sired mechanical strength for the completed device.
a first confining layer of p-type AlGalnP 



Exemplary thickness is in the range of from 150 to  45  (21) on the
substrate; 200 micrometers.                                            an
active layer of p-type AlGalnP (22) on After growth of these epitaxial
layers the GaAs    the first confining layer, and temporary substrate is
removed by selective etching,        a second confining layer of n-type Al-
leaving only the active AlGalnP layers and the rela-   GalnP (23) on the
active layer. tively thick GaP layer which provides mechanical  so strength
as a transparent substrate."              4. A surface-emitting LED
according to any of Thereafter, a window layer 36 of GaP or GaAsP
claims 1 to 3, wherein the substrate is opaque. is epitaxially grown on the
face of the first confining layer 32 where the GaAs substrate was removed.
The  5. A surface-emitting LED according to any of growth wafer can then be
processed into individual  55  claims 1 to 4, wherein the substrate
comprises LED chips by conventional means.                       GaAs.
Although limited embodiments of light emitting diode fabricated according
to principles of this inven-  6. Asurface-emitting LED according to claim 1
or 2, 4    5                   EP 0 434 233 B1                 6 back of
the active layers.                         tion have been described and
illustrated herein, many An alternative transparent substrate is Gap.
modifications and variations will be apparent to those However, there are
no direct bandgap compositions  skilled in the art. The invention has been
described in in the AlGalnP system that are lattice matched to  the context
of a double heterostructure LED with cer- GaP so active layers grown on
such a substrate are   5   tain doping of the layers. However, it will be
apparent mismatched by several percent The strain of this mis-  that the
technique is suitable for homojunction LEDs match causes a high dislocation
density and the dis-  and other active devices. locations degrade the
optical properties of the Al-    The technique has been described for
organome- GalnP.                                             tallic vapor
phase epitaxial growth. It will be apparent Atransparentsubstrate may,
however, be provid-  10  that other growth techniques may also be suitable.
ad for the LED. In a method for making a transparent  Other materials,
thicknesses, and the like, may be substrate, a temporary opaque substrate
layer 31 of  quite suitable and, therefore, within the scope of the GaAs Is
employed (FIG. 3). On one face of this sub-  appended claims, this
Invention may be practiced strate, a first confining layer 32 such as
n-type Al-  otherwise than as specifically described. GalnP is epitaxially
grown. An active layer 33 of p-ty-  15 pe AlGalnP is epitaxially grown on
the first confining layer. A second confining layer 34 of p-type AlGalnP
Claims is then epitaxially grown on the active layer. The n- and p-type
materials may be reversed and are merely  1. A surface-emitting LED
comprising: exemplary. The active layers grown on the GaAs sub-  20     a
semiconductor substrate (20); strate are lattice matched with the substrate
and           an electrical contact (28) to the substrate; therefore have a
desirably low dislocation density.         active p-n junction layers of
AlGalnP Next, a relatively thick layer 35 of GaP is epitax-  (21,22,23)
over the substrate for emitting light; ially grown on the second confining
layer. There is a       a transparent window layer (24) of GaAsP
substantial lattice mismatch between the GaP and   25  or GaP over the
active layers having a bandgap the underlying AlGalnP material and with the
GaAs      greater than the bandgap of the active layers and substrate.
This, however, turns out not to be a signif-  a resistivity at least an
order of magnitude less icant disadvantage and the GaP remains transparent
than the resistivity of the active layers and lattice and a good conductor
for making electrical contact     mismatched with respect to the active
layers; and with the active layers.                       30            a
metal electrical contact (25) over a por- If desired, lattice mismatch in
the transition from  tion of the transparent layer. AlGalnP to GaP may be
accommodated over a short distance using linear grading of composition,
step  2. A surface-emitting LED according to claim 1, changes in
composition, superlattices, or combina-    wherein said active p-n junction
layers comprise: tions of these techniques, as long as the bandgap of  35
a first confining layer of n-type AlGalnP the GaP material is greater than
the bandgap of the    (21) on the substrate; active AlGalnP layers so that
the overlying GaP re-         an active layer of n-type AlGalnP (22) on
mains transparent to the emission wavelength of the   the first confining
layer, and 



LED.                                                        a second
confining layer of p-type Al- The GaP layer is grown at a much higher
growth  40  GalnP (23) on the active layer. rate than the AlGalnP since
dislocations in this layer are of little significance. The GaP layer is
also grown  3. A surface-emitting LED according to claim 1 much thicker
than the active layers to provide a de-  wherein said active p-n junction
layers comprise: sired mechanical strength for the completed device.
a first confining layer of p-type AlGalnP Exemplary thickness is in the
range of from 150 to  45  (21) on the substrate; 200 micrometers.
an active layer of p-type AlGalnP (22) on After growth of these epitaxial
layers the GaAs    the first confining layer, and temporary substrate is
removed by selective etching,        a second confining layer of n-type Al-
leaving only the active AlGalnP layers and the rela-   GalnP (23) on the
active layer. tively thick GaP layer which provides mechanical  50 strength
as a transparent "substrate".               4. A surface-emitting LED
according to any of Thereafter, a window layer 36 of GaP or GaAsP
claims 1 to 3, wherein the substrate is opaque. is epitaxially grown on the
face of the first confining layer 32 where the GaAs substrate was removed.
The  5. A surface-emitting LED according to any of growth wafer can then be
processed Into individual  55  claims 1 to 4, wherein the substrate
comprises LED chips by conventional means.                       GaAs.
Although limited embodiments of light emitting diode fabricated according
to principles of this inven-  6. A surface-emitting LED according to claim
1 or 2, 4 {err] * C   L   M   S *    7                  EP 0 434 233 B1
8 wherein the transparent window layer comprises    spruch 1 oder 2, bel
der dle transparente Fenster- p-type GaAsP or GaP
schicht an p-Typ-GaAsP oder ein -GaP aufweist. 7. A surface-emitting LED
according to claim 3,   7. Eine Oberflichen-emittierende LED gemai An-
wherein the transparent window layer comprises   5  spruch 3, bel derdie
transparente Fensterschicht n-type GaAsP or GaP
ein n-Typ-GaAsP oder eln -GaP aufwelst. PatentansprOche
Revendlcatlons 10 1. Eine Oberflachen-emittierende LED mit folgen-  1.
Diode LED A imission de surface comprenant: den Merkmalen:
un substrat semiconducteur (20); elnem Halbleltersubstrat (20);
un contact electrique (26) de liaison au elnem elextrischen Kontait (26) zu
dam Sub-       substrat; strat;                                    15
des couches actives A jonction p-n en Al- aktiven p-n-Obergangsschichten
aus AlGalnP        GalnP (21,22,23) situees au-dessus du substrat (21, 22,
23) Ober dam Substrat zum Emittleren     et servant A emettre une lumiere;
von Licht;                                             une couche de
fenetre transparente (24) elner transparenten Fensterschlcht (24) aus
en GaAsP ou en GaP situie au-dessus des cou- GaAsP oder GaP Ober den
aktiven Schkchten mit  20  ches actives possidant une largeur de bande in-
einer Bandlficke, die gr6ger ist als die Bandlfdcke  terdite superieure a
la largeur de bande intbrditb der aktiven Schichtbn, und einem speziflschen
des couches actives, et une risistivit6 Infeiieure Widerstand, der
zumindest alne Gr8Benordnung      d'au molns un ordre de grandeur A la
resistivltb kdeiner lst ala der spezifleche Widerstand der ak-  des couches
actives at un reseau desadaptI par tiven Schlchten, und bezaglich der
altiven  25    rapport aux couches actives; Schichten Gitter-fohlangepal~t
ist; und                un contact mitallique electrique (25) situe elnem
elektrischen Metallkontakt (25) Obereinem   sur une partle de la couche
transparente. Abschnitt der transparenten Schicht. 2. Diode LED A emission
de surface salon la reven- 2. Elne OberflAchen-emittlerende LED gemAI An-
30   dicatlon 1, dans laquelle lesditas couches actives spruch 1, bel der
die aktliven p-n-Obergangs-     A Jonction p-n comprennent: schichten
folgende Merkmale aufwelsen:                 une premeire couche de
confinement for- alne erstb begrenzende Schicht sue einem n-       mee de
AiGalnP (21) du type n, situea sur Is 



Typ-AIGalnP (21) auf dam Substrat;                substrat; alne aktive
Schicht aus einem n-Typ-AiGalnP   35
unecoucheactivedeAlGalnP(22)detype (22) auf der ersten begrenzenden
Schicht; und     n, situee surla premiere couche de confinement; sine
zweite begrenzende Schicht aus elnem p-      et Typ-AIGalnP (23) auf der
aktiven Schicht.              une seconde couche de confinement en AiGalnP
(23) de type p, situee sur la couche ao- 3. Eine Oberflachen-emittierende
LED gemAIB An-  40  tive. spruch 1, be! der die aitiven p-n-Obergangs-
schichtbn folgende Merkmale aufwelsen:         3. Diode LED A emisslon de
surface salon la reven- sine erstb begrenzende Schicht aus einem p-
dlcation 1, dans laquelle lesdites couches actives Typ-AiGainP (21) auf dam
Substrat                 A jonction p-n comprennent: sine aitive Schicht
aus einem p-Typ-AiGalnP   45       une premiere couche de confinement for-
(22) auf der ersten begrenzenden Schicht; und     mee de AIGalnP (21) du
type p, situle sur le sine zweltb begrenzende Schicht aus einem n-
substrat; Typ-AiGalnP (23) auf der aktiven Schicht.              une couche
active de AIGalnP (22) detype p, situie sur la premiere couche de
confinement; 4. Eine Oberflachen-emittlerende LED gemAI el-  6o   et nem
beliebigen derAnsprOche I bis 3, bei derdas        une seconde couche de
confinement en Substrat llchtundurchlassig lat.                  AiGalnP
(23) de type n, situes sur la couche ac- tive. 5. Elne
Oberflachen-emittlerende LED gemraI el- nem beliebigen derAnsprfche I bis4,
bel derdas  55  4. Diode LED A emisslon de surface salon lune Substrat GaAs
aufweist.                           quelconque des revendications I A 3,
dans lequal le substrat est opaque. 6. Eine Oberflachen-emittierende LED
gamiB An- 5 C 11111111111111111    9                   EP 0 434233 B1
10 5. Diode LED A emisslon de surface selon l'une qulconque des
revendications I A 4, dans lequel le substrat comprend du GaAs. 6. Diode
LED A emission de surface selon la reven-   5 dication I ou 2, dans
laquelle la couche de fene- tre transparentb comprend du GaAsP ou du GaP de
type p. 7. Diode LED A emission de surface selon la reven-  10 dicatlon 3,
dans laquelle la couche de fenetre transparent. comprend du GaAsP ou du GaP
de type n. 15 20 25 30 35 40 45 50 55    


