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(57) Abstract: A UV light emitting device is disclosed. The UV light emitting device includes: a substrate; an n-type semiconductor
layer disposed on the substrate; an active layer disposed on the n-type semiconductor layer; a hole injection layer disposed on the
active layer and comprising Al; an Al-delta layer disposed on the hole injection layer and comprising Al; and a first p-type contact
layer disposed on the Al-delta layer and having a higher doping concentration of p-type dopants than the hole injection layer,
wherein the first p-type contact layer has a lower Al content than the hole injection layer, a band-gap of the first p-type contact layer
is lower than or equal to energy of light emitted from the active layer, and the Al-delta layer has a higher Al content than the hole in -
jection layer and allows holes to enter the active layer by tunneling therethrough.
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Description

Title of Invention: VERTICAL ULTRAVIOLET LIGHT

EMITTING DEVICE
Technical Field

The present invention relates to an ultraviolet (UV) light emitting device, and more
particularly to a UV light emitting device that emits UV light and includes a hole dis-
tribution layer in the middle of a p-type semiconductor layer to improve hole injection

efficiency into an active layer.

Background Art

A light emitting device is an inorganic semiconductor device that emits light through
recombination of electrons and holes. A UV light emitting device emits UV light and
can be used in various fields including curing of polymer materials, sterilization of
medical equipment, device components, light sources for generation of white light, and
the like. As such, UV light emitting devices have been increasingly used in in various
fields.

Like typical light emitting devices, the UV light emitting device includes an active
layer interposed between an n-type semiconductor layer and a p-type semiconductor
layer. The UV light emitting device emits light having relatively short peak
wavelengths (generally, peak wavelengths of 400 nm or less). Thus, in fabrication of
the UV light emitting device using a nitride semiconductor, there can be a problem of
absorption of UV light emitted from the active layer into n-type and p-type nitride
semiconductor layers when the n-type and p-type nitride semiconductor layers have
smaller band-gaps than energy of UV light. As a result, the UV light emitting device
suffers from significant deterioration in luminous efficacy.

Thus, in order to prevent deterioration in luminous efficacy, the UV light emitting
device contains a certain amount of Al in the active layer and a nitride semiconductor
layer at a UV light emitting side. However, since GaN has a band-gap of about 3.4 eV
and absorbs light having a wavelength of about 360 nm or less, Al must be contained
in the nitride semiconductor layer in order to emit light having a shorter wavelength
than this wavelength. As the band-gap increases due to the presence of Al, ionization
energy of holes increases together with decrease in activation rate, such that hole
injection efficiency into the active layer is reduced. In order to solve this problem,
although there is a conventional technique wherein plural layers having different con-
centrations of p-type dopants are alternately stacked one above another to provide
lateral hole dispersion based on a difference in doping concentration between the

layers, this technique provide insignificant hole dispersion and cannot sufficiently
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suppress deterioration in hole dispersibility of the UV light emitting device.
Disclosure of Invention

Technical Problem

Exemplary embodiments provide a UV light emitting device which includes an Al-
delta layer having a higher band-gap in a hole injection direction than other directions
in order to prevent deterioration in hole dispersibility, thereby improving hole injection
efficiency into an active layer and lateral hole dispersibility based on a two-di-

mensional hole gas effect.

Solution to Problem

In accordance with one exemplary embodiment, a UV light emitting device includes:
a substrate; an n-type semiconductor layer disposed on the substrate; an active layer
disposed on the n-type semiconductor layer; a hole injection layer disposed on the
active layer and including Al; an Al-delta layer disposed on the hole injection layer and
including Al; and a contact layer disposed on the Al-delta layer, wherein the contact
layer has a lower Al content than the hole injection layer, a band-gap of the first p-type
contact layer is lower than or equal to energy of light emitted from the active layer, and
the Al-delta layer has a higher Al content than the hole injection layer and a higher
doping concentration than the hole injection layer. The Al-delta layer may have a
thickness allowing holes to enter the active layer by tunneling therethrough, preferably
20 nm or less.

The UV light emitting device may further include an electron blocking layer in-
terposed between the active layer and the hole injection layer. Here, the hole injection
layer may have a band-gap higher than or equal to energy of light emitted from the
active layer.

The Al content of the Al-delta layer may gradually increase from the hole injection
layer to the contact layer. In addition, the Al-delta layer may include a first Al-delta
layer disposed on the hole injection layer and having a higher Al content than the hole
injection layer; and a second Al-delta layer disposed on the first Al-delta layer and
having a higher Al content than the first Al-delta layer.

The Al-delta layer may be an undoped layer and may be doped with p-type dopants
in order to reduce forward voltage. The p-type dopants may include Mg and the Al-
delta layer may have a higher Mg doping concentration than the hole injection layer.
Advantageous Effects of Invention

According to exemplary embodiments, in the UV light emitting device, a hole
injection layer and an Al-delta layer are provided to a p-type semiconductor layer to
increase a difference in band-gap between the Al-delta layer and the p-type semi-

conductor layer such that holes can be more uniformly injected into an active layer in
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the vertical direction through a two-dimensional gas effect at a confinement interface,
thereby improving lateral hole dispersion through the Al-delta layer having a high con-
centration of Al. Further, the UV light emitting device can have low forward voltage
and has high hole injection efficiency into the active layer by doping a high con-
centration of dopants into the Al-delta layer.

Brief Description of Drawings

Figure 1 is a sectional view of a UV light emitting device according to one
exemplary embodiment.

Figure 2 is a sectional view of a UV light emitting device according to another
exemplary embodiment.

Figure 3 is a diagram illustrating band-gaps of the UV light emitting device
according to the exemplary embodiment.

Best Mode for Carrying out the Invention

Hereinafter, exemplary embodiments will be described in more detail with reference
to the accompanying drawings.

Figure 1 is a sectional view of a UV light emitting device according to one
exemplary embodiment. In description of the UV light emitting device according to
this exemplary embodiment, band-gaps of the UV light emitting device will be
described with reference to Figure 3.

Referring to Figure 1, a UV light emitting device according to one exemplary em-
bodiment includes a substrate 21, a first conductive-type semiconductor layer, an
active layer 25, and a second conductive-type semiconductor layer. Herein, the
conductive type semiconductor layers are nitride semiconductor layers and may be
formed by various methods, for example, metal organic chemical vapor deposition
(MOCVD), molecular beam epitaxy (MBE), hydride vapor phase epitaxy (HVPE), and
the like.

Referring to Figure 1, a buffer layer is formed on the substrate 21. The substrate 21 is
a substrate for growing nitride semiconductor layers thereon, and may include a
sapphire substrate, a silicon carbide substrate, a spinel substrate, a GaN substrate, an
AIN substrate, or the like. In this exemplary embodiment, a sapphire substrate or an
AIN substrate may be used.

The buffer layer may be formed to a thickness of about 20 nm on the substrate 21.
The buffer layer may be a nitride layer including (Al, Ga, In)N and, particularly, may
include AIN exhibiting good crystallinity at high temperature and less absorption of
visible light. As needed, an AIN layer may be continuously grown to a high thickness
of 2 wm on the buffer layer in order to reduce dislocation density.

When the substrate 21 is a nitride substrate such as a GaN substrate or an AIN
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substrate, the buffer layer can be omitted.

Further, a super-lattice layer may be formed on the buffer layer. The super-lattice
layer may include multiple layers consisting of AlGaN layers having different concen-
trations of Al and alternately stacked one above another, for example, a superlattice
layer of Al,Ga,, ,N/AlL,Ga, ,)N.

The first conductive-type semiconductor layer may be formed on the super-lattice
layer. In this exemplary embodiment, the first conductive-type semiconductor layer
may be an n-type semiconductor layer 23 and may be grown by MOCVD or the like.
The n-type semiconductor layer 23 may include AlGaN and may contain n-type
dopants such as Si. For example, the n-type semiconductor layer 23 may be rep-
resented by n-Al,Ga (N (0<x<1).

The active layer 25 and the second conductive-type semiconductor layer may be se-
quentially formed on the n-type semiconductor layer 23. The active layer 25 emits light
having certain energy through recombination of electrons and holes. The active layer
may have a single quantum well structure or a multi-quantum well structure in which
quantum barrier layers and quantum well layers are alternately stacked one above
another. Among the quantum barrier layers, a quantum barrier layer nearest the n-type
semiconductor layer may have a higher content of Al than other quantum barrier
layers. In the structure wherein the quantum barrier layer nearest the n-type semi-
conductor layer 23 is formed to have a higher band-gap than the other quantum barrier
layers, electron mobility is reduced, thereby effectively preventing overflow of
electrons.

The p-type semiconductor layer 27 may be formed on the active layer 25. The p-type
semiconductor layer 27 may be formed to a thickness of 50 nm to 300 nm by a process
such as MOCVD. The p-type semiconductor layer 27 may include AlGaN, and the Al
content of the p-type semiconductor layer 27 is determined to have a higher band-gap
than the well layers in the active layer 25 in order to prevent absorption of light emitted
from the active layer 25.

The p-type semiconductor layer 27 includes an electron blocking layer 27a, a hole
injection layer 27b, an Al-delta layer 27c¢, and a first p-type contact layer 27d.

The electron blocking layer 27a is formed on the active layer 25 and contains Al. The
electron blocking layer 27a may have an Al content of 20 wt% to 40 wt% and an Mg
doping concentration of 3E18/cm® to 5E19/ cm?. Further, the hole injection layer 27b
may be formed on the electron blocking layer 27a. The hole injection layer 27b may
have a lower Al content than the electron blocking layer 27a and has a lower band-gap
than the energy of light emitted from the active layer 25, as shown in Figure 3(a). The
doping concentration of the hole injection layer 27b may also be lower than that of the

electron blocking layer 27a. In one exemplary embodiment, the hole injection layer
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27b may have an Al content of 20 wt% to 30 wt%. In this exemplary embodiment, the
hole injection layer 27b may have an Mg doping concentration of 1E18/cm? to SE19/
cm’.

The first p-type contact layer 27d may be formed on the hole injection layer 27b. The
first p-type contact layer 27d may have an Al content lower than or equal to the Al
content of the hole injection layer 27b and be grown to a thickness of 50 nm to 100
nm. The first p-type contact layer 27d may have an Mg doping concentration of
SE19/cm?® to 1E20/cm?.

The Al-delta layer 27c may be interposed between the hole injection layer 27b and
the first p-type contact layer 27d. The Al-delta layer 27¢ is doped with Mg to have an
Mg doping concentration higher than or equal to that of the first p-type contact layer
27d and has a higher Al content than the hole injection layer 27b. Here, an excessively
thick thickness of the Al-delta layer 27c reduces hole injection efficiency into the
active layer 25 and an excessively thin thickness of the Al-delta layer 27¢ provides an
insufficient two-dimensional hole gas effect, thereby deteriorating lateral hole dis-
persibility. In one exemplary embodiment, the Al-delta layer 27c may have a thickness
of 2 nm to 20 nm. Further, although the Al-delta layer 27c may be an undoped layer,
the Al-delta layer 27c may be additionally doped with p-type dopants in order to
improve hole injection efficiency while reducing forward voltage. The Al-delta layer
27¢ may have an Mg doping concentration of SE20/cm? or less.

In the structure wherein the UV light emitting device includes the Al-delta layer 27c,
when holes h are injected from the first p-type contact layer 27d to the hole injection
layer 27b, the holes are two-dimensionally confined by the Al-delta layer 27c¢ to form
two-dimensional hole gas (2DHG), as shown in Figure 3(a), thereby improving lateral
hole dispersibility. As a result, the holes can be efficiently injected into the active layer
by tunneling. The Al-delta layer 27c may be doped with p-type dopants and have a
higher doping concentration than the hole injection layer 27b, thereby improving
lateral hole dispersibility and hole injection efficiency into the active layer 25 while
reducing forward voltage.

The Al-delta layer 27c may be composed of a single layer and have a gradually in-
creasing Al content towards the first p-type contact layer 27d, as shown in Figure 3(b).
In order to have the structure wherein the Al content of the Al-delta layer 27c¢ varies in
the vertical direction, an Al content of a source gas is intentionally increased such that
the Al content of the Al-delta layer 27¢ gradually increases upwards in the vertical
direction upon growth of the Al-delta layer 27c.

The Al-delta layer 27c¢ is grown after growth of the hole injection layer 27b and
growth of the Al-delta layer 27c is performed after stopping supply of the Al source

gas and performing heat treatment. As a result, the Al source remaining in a chamber is
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adsorbed to a surface of the Al-delta layer 27¢ and reacts therewith such that the Al-
delta layer 27¢ can be grown to have a gradually increasing Al content.

As such, as the Al content is gradually increased in the upward direction, the 2DHG
effect caused by stress between the Al-delta layer 27c and the first p-type contact layer
27d is maintained while relieving stress caused by a difference in lattice parameter
between the Al-delta layer 27¢ and the hole injection layer 27b, whereby holes having
passed through the Al-delta layer 27¢ by tunneling can be more efficiently injected into
the active layer 25.

Figure 2 is a sectional view of a UV light emitting device according to another
exemplary embodiment. In description of the UV light emitting device according to
this exemplary embodiment, band-gaps of the UV light emitting device will be
described with reference to Figure 3.

In a UV light emitting device according to another exemplary embodiment, the Al-
delta layer 27c may be composed of multiple layers. The Al-delta layer 27¢ composed
of the multiple layers may be formed by growing an Al-delta layer 27c having a low Al
content, followed by sequentially growing Al-delta layers 27c having higher Al
contents thereon. In this way, the Al-delta layer 27¢ composed of the multiple layers is
sequentially grown as shown in Figure 3(c), whereby the 2DHG effect caused by stress
between the Al-delta layer 27¢ and the first p-type contact layer 27d can be further re-
inforced by counter stress generated between two Al-delta layers 27c while further
relieving stress due to the difference in lattice parameter between the Al-delta layer 27¢
and the hole injection layer 27b.

The first p-type contact layer 27d may contain indium (In) and have a lower Al con-
centration than the hole injection layer 27b. Accordingly, the band-gap of the first p-
type contact layer 27d may be lower than the hole injection layer 27b and may be
lower than or equal to the energy of light emitted from the active layer 25. Further, the
first p-type contact layer 27d may have a higher Mg doping concentration than the hole
injection layer 27b. In one exemplary embodiment, the first p-type contact layer 27d
may have an In content of 1 wt% to 20 wt%, a thickness of 0.5 nm to 20 nm, and an
Mg doping concentration of 1E19/cm3 or less.

As shown in Figure 2, the p-type semiconductor layer may further include a second
p-type contact layer 27e between the first p-type contact layer 27d and the Al-delta
layer 27¢c. The second p-type contact layer 27e may be formed of AlGaN and may have
a lower doping concentration than the first p-type contact layer 27d and the Al content
of the second p-type contact layer 27e may be determined such that the band-gap of the
second p-type contact layer 27¢ is lower than the energy of light emitted from the hole
injection layer 27b and the active layer 25. In one exemplary embodiment, the second

p-type contact layer 27e may include p-type GaN. Since the first p-type contact layer
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27d and the second p-type contact layer 27¢ have lower band-gaps than the energy of
light emitted from the active layer 25 and thus can absorb light, the first p-type contact
layer 27d and the second p-type contact layer 27¢ are preferably formed as thin as
possible by taking into account contact resistance with a p-type electrode (not shown)
and hole injection efficiency. For example, a total thickness of the first p-type contact
layer 27d and the second p-type contact layer 27e may range from 1 nm to 50 nm.

The p-type electrode (not shown) is formed on an upper side of the first p-type
contact layer 27d to inject current (holes) into the nitride semiconductor, and may be
composed of a single layer formed of Ni, Ti, W or Au, or multiple layers thereof. In
one exemplary embodiment, the p-type electrode is composed of an Ni layer having a
thickness of 0.1 nm to 5 nm and an Au layer having a thickness of 1 nm to 20 nm.

Although some exemplary embodiments are disclosed in conjunction with the
drawings, it should be understood that these embodiments and the accompanying
drawings are provided for illustration only and are not to be construed as limiting the
present invention. The scope of the present invention should be interpreted according
to the following appended claims as covering all modifications or variations derived
from the appended claims and equivalents thereof.

* List of Reference Numerals

21: Substrate 23: n-type semiconductor layer

25: Active layer 27: p-type semiconductor layer

27a: Electron blocking layer 27b: Hole injection layer

27c: Al-delta layer 27d: First p-type contact layer

27e: Second p-type contact layer
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Claims
A UV light emitting device comprising:
a substrate;
an n-type semiconductor layer disposed on the substrate;
an active layer disposed on the n-type semiconductor layer;
a hole injection layer disposed on the active layer and comprising Al;
an Al-delta layer disposed on the hole injection layer and comprising
Al; and
a first p-type contact layer disposed on the Al-delta layer and having a
higher doping concentration of p-type dopants than the hole injection
layer,
wherein the first p-type contact layer has a lower Al content than the
hole injection layer, a band-gap of the first p-type contact layer is lower
than or equal to energy of light emitted from the active layer, and the
Al-delta layer has a higher Al content than the hole injection layer and
allows holes to enter the active layer by tunneling therethrough.
The UV light emitting device according to claim 1, wherein the Al-
delta layer is doped with p-type dopants and has a higher doping con-
centration of the p-type dopants than the hole injection layer.
The UV light emitting device according to claim 1, wherein the Al-
delta layer has a thickness of 2 nm to 20 nm.
The UV light emitting device according to claim 1, further comprising:
a second p-type contact layer interposed between the Al-delta layer and
the first p-type contact layer, the second p-type contact layer having a
lower doping concentration of p-type dopants than the first p-type
contact layer and a lower Al content than the hole injection layer.
The UV light emitting device according to claim 1, wherein the band-
gap of the first p-type contact layer is lower than or equal to the energy
of light emitted from the active layer.
The UV light emitting device according to claim 4, wherein the second
p-type contact layer has a band-gap lower than or equal to the energy of
light emitted from the active layer.
The UV light emitting device according to claim 1, wherein the first p-
type contact layer contains indium (In).
The UV light emitting device according to claim 1, wherein the hole
injection layer has a band-gap higher than or equal to the energy of

light emitted from the active layer.



WO 2016/052997

[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]

PCT/KR2015/010317
9

The UV light emitting device according to claim 1, wherein the Al
content of the Al-delta layer gradually increases from the hole injection
layer to the first p-type contact layer.

The UV light emitting device according to claim 1, wherein the Al-
delta layer has an Al content increasing stepwise toward the contact
layer.

The UV light emitting device according to claim 10, wherein the Al-
delta layer has a thickness of 2 nm to 20 nm.

The UV light emitting device according to claim 2, wherein the Al-
delta layer has a higher Mg doping concentration than the hole injection

layer.
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