SPECI FI CATI ON TI TLE OF | NVENTI ON: SEM CONDUCTOR LI GHT EM TTI NG DEVI CE
TECHNI CAL FI ELD Appar atuses and net hods consistent with the
exenpl ary enbodi nents relate to a sem conductor light emtting
device, and nore particularly to a sem conductor light emtting

devi ce capabl e of enhancing diffusion of a current and injection of
hol es between an el ectrode and a sem conductor | ayer. BACKGROUND

A sem conductor light emtting de§%ﬁﬁaﬂ¥é£¥%4{:vafious fields such as

a liquid crystal display (LCD) ba m nation, a display,

etc. and w dely known "light emtiin [ D), ' l'i ght
on the principIeTFﬁﬁF $§e5FF8ﬁg“PE éﬁ%FFggDﬂ§§Sﬁg£tga%V%$ range
corresponding to an energy gap between a conduction band and a

val ence band when a forward bias vBFYﬁ@% is applied to a p-n junction
sem conduct or.

TECHNICAL FIELD

Apparatuses and methods consistent with the exemplary
embodiments relate to a semiconductor light emitting device,
and more particularly to a semiconductor light emitting
device capable of enhancing diffusion of a current and
injection of holes between an electrode and a semiconductor
layer.

BACKGROUND

A semiconductor light emitting device, used 1n various
fields such as a liquid crystal display (LCD) backlight,
illumination, a display, etc. and widely known as a “light
emitting diode (LED),” emits light on the principle that
the light is emitted having a wavelength range
corresponding to an energy gap between a conduction band
and a valence band when a forward bias voltage is applied
to a p-n junction semiconductor.

Such a semiconductor light emitting device is required
to be improved in various design indexes such as gquantum
efficiency, photon .extraction efficiency, packaging,
reliance, etc. BAmong such indexes, diffusion of an electric

current and injection of holes between an electrode and a



Such a sem conductor light emtting device is required to be inproved
in various design indexes such as quantum effici ency, photon
extraction efficiency, packaging, reliance, etc. Anong such indexes,
diffusion of an electric current and injection of hol es between an

el ectrode and a sem conductor |ayer are particularly inportant in

i ght of design. FIG 1 shows a cross section of a conventiona
sem conductor light em_tting device. .In_the conventi onal ,

senm condutioreIgHt@nilerthg a&@vip€§ti,cuéa’6§¥f EPPPELRIT 190 1590 RF ded
on a substrate 101, an n-type sem conductor |ayer 103 is provided on
t he buff &3 & er 102, and an active layer 105 and a p-type

sem conduct or | ayer _106_are provided on the n-type sem conduct or

|l ayer 103. Al €3C-thé sERPEBndACt OF°FF gMeEnitt i R§ dBvi ERMIeRut Ry

i ncludes an n-type el ectrode 104 and a p-type el ectrode 108 to apply
vol t ages TR EPFe Sedhitc ofBtitt 079 | 4981203 I@nd-theCpryspeional
sem conduct or I%yer 106, respectively. ) The sem conductor |ight
eni tti ng SFRASCRICEAd tiioh IGPLtRdRGdE$ VA Cer dns Farhitfad ed¥ddel 47
bet ween the p-type el ectrode 108 and the p-type sem conductor |ayer
106. The %% aREPAtert EPec r 8RSV e s 181 r & parerite of et apRIY et

| ayer having conductivity, which can be achi eved by a ZnO based
conmpound ¥a¥Sthi ER3 p-itsypereyidrd ype ithrur PEEEST arl@yaddet02, and an
Specifically, the transparent el ectrode 107 was doped with the n-type
i npuri ti eStiyeentmifde the a9 fasPohvR? apmirerdustercurayait 1 Wutatse
p-type inpurities to enhance the injection of holes. Thus, the

t r anspar éHovdldegt raad et N T iR P SRt icth dra s 1S -n-Adgse  the
inpurities or the p-type inpurities, so that the diffusion of an

el ect ri ¢ s CcORAUsEt orhd iighite @Midh 160 KsIVdsecdn Bertdmrantrdl udest ey eby

i nprove an ohm c contact characteristic of a device.
n-type electrode 104 and a p-type electrode 108 to apply

voltages to the n-type semiconductor layer 103 and the p-
type semiconductor layer 106, respectively.

The semiconductor light emitting device 1 additionally
includes a transparent electrode 107 between the p-type
electrode 108 and the p-type semiconductor layer 106. The
transparent electrode 107 1is a transparent or translucent
layer having conductivity, which can be achieved by a ZnoO
based compound to which p-type or n-type impurities are
added. Specifically, the transparent electrode 107 was
doped with the n-type impurities to enhance the diffusion
of an electric current, but the p-type impurities to
enhance the injection of holes. Thus, the transparent
electrode 107 was doped with either of the n-type

impurities or the p-type impurities, so that the diffusion



That is, the conventional transparent el ectrode 107 is doped with
either of the n-type inpurities or the p-type inpurities. For
exanple, as shown in FIG 1, there has been used a nethod of doping
the transparent el ectrode 107 contacting the p-type sem conductor

| ayer 106 with the p-type inpurities for injecting the holes.
However, the conventional transparent el ectrode 107 doped with either
of the n-type inpurities or the p-type inpurities could_inprove one
of the di‘?guéPoﬁlSFtéhcelcé‘étrPPE G riéit BrIeFHelIhj eEt PBASEF R[S & but
could not be expected to inprove both of them For exanple, in the
case t hateil a8 iPpaRERELY| eRPFOTR FDPHE I rREACESFRFEZFREPBISTELC
GaN- based sem conductor layer, if the transparent electrode 107 is
doped wi t¥ Ghldg*ti§€-p-type inpurities, the injection of holes is
enhanced to sone extent by increasing hole concentration but it is
difficult to iThgtodé t hEef Fonvameiendl dsiamsrerenl electrede clit it .
DETAI LED DESCRI PTI ON TECHNI CAL PROBLEMS Accordi ngly, one or
nmore exergtirady whtbdehees pfovhde natypai dowawdtaes| ioghtthan ptivRe
devi ce which can inprove flow of an electric current between an

el ect r odelrepver i iesenFognduanptel ayershaw fior filge dif thsronhahdrasyf,
and enhance injection of holes, thereby maxi m zing efficiency.
SUMVARY ORB9dAINVENTRheMNod of doping the transparent electrode 107

contacting the p-type semiconductor layer 106 with the p-
type impurities for injecting the holes.

However, the conventional transparent electrode 107
doped with either of the n-type impurities or the p-type
impurities could improve one of the diffusion of an
electric current or the injection of holes but could not be
expected to improve both of them. For example, in the case
that the transparent electrode 107 is formed using ZnO on a
GaN-~based semiconductor layerxr, if the transparent electrode
107 is dqped with only the p-type impurities, the injection
of holes 1s enhanced to some extent by increasing hole
concentration but it is difficult to improve the flow and
diffusion of an electric current.

DETATLED DESCRIPTION

TECHNICAL PROBLEMS

Accordingly, one or more exemplary embodiments provide
a semiconductor light emitting device which can improve

flow of an electric current Dbetween an electrode and a



The foregoing and/or other aspects may be achi eved by providing a
sem conductor light emtting device including: a substrate; an n-type
sem conduct or | ayer giving an el ectron when receiving voltage; a
p-type sem conductor |ayer giving a hole when receiving vol tage; an
active layer provided between the n-type sem conductor |ayer and the
p-type sem conductor |ayer and including a quantumwell structure to
facilitate coupling between an el ectron and a hole; an n-type

el ect rodesefl?ftﬂqm“r?%ocron&&é’?ﬁi t Y23 B T RdAs yidrigff\PéllpégetPﬁr?ﬁgf n-3%Pe
sem conductor |ayer; a p-type electrode including conductivity for
appl yi ng S/¥1aFe 9 S(GHhd Op- ?EDEOJS% cHRIfRY MaEdé ringn8t fhglency .
electric-current diffusion and hole injection |ayer provided between
the p-type seRCB&dcPEr INVGRFINd the p-type el ectrode and doped
with n-type i‘rg[ﬁlueri ties and p-type i nguri ties for diffusing an
electric curr &eraoeiagt eRE/arhekecheffBRAt $ Heay- by paciel «tad due
and the p-type sem conductor |ayer. The electric-current

di f f usi orPEHd HA% § rfeidogsiucapsr laahtt cadshino adeviest iachadings

|l ight due to coupling between an el ectron and a hol e. The

el ectri c-&ursudstrgitei uspon AnEYPR| eS9mhjeiduetorayépyany ¢hélinge an
conpound of ZnQ At | east one of the n-type sem conduct or

| ayer ancelasdgen ypeesemesenrdiogorvedigge;myg imdivigde aciGhdehisedr
conmpound. The el ectric-current diffusion and hole injection

| ayer maylaved @divédoby howsl eten aredtrsiamnapiviodcpgeVBER aethoel. layer
The sem conductor light emtting device may further include a buffer
| ayer betrasenidelde bsfvsenattbeandtyhe menypendentcontaxtorandydre p-

type semiconductor layer and including a quantum well
structure to facilitate coupling between an electron and a
hole; an n-type electrode including conductivity for
applying voltage to the n-type semiconductor layer; a p-
type electrode including conductivity for applying voltage
to the p-type semiconductor layer; and am electric-current
diffusion and hole injection layer provided between the p-
type semiconductor layer and the p-type electrode and doped
with n-type impurities and p-type impuritigs for diffusing
an electric current and injecting a hole between the p-type
electrode and the p-type semiconductor layer.

The electric-current diffusion and hole injection
layer may transmit at least a part of light due to coupling
between an electron and a hole.

The electric-current diffusion and hole injection

layer may include a compound of ZnO.



Anot her aspect may be achi eved by providing a sem conductor |ight
emtting device including: a substrate; an n-type sem conductor |ayer
giving an el ectron when receiving voltage; a p-type sem conductor
| ayer giving a hole when receiving voltage; an active |ayer provided
bet ween the n-type sem conductor |ayer and the p-type sem conduct or
| ayer and including a quantum wel| structure to facilitate coupling
bet ween an el ectron and a hole; an n-type el ectrode including
conductivity 5 1&85CyPRE 961 EAge tYRh S MICPREUSERT cHAUBEL 3T | Eirer ;
a p-type el ectrode including conductivity for applying voltage to the
p-type st CHdFEMGLOPSYEEOL ahdly @ e citiqldcdeupr BAN-BRFPASTIRPAAHY -
hol e injection | ayer provided between the n-type el ectrode and the
n-type seni cofdi§ct Gr-Schyér—anaredbediidifusien ypadi npatet i E-J e on
p-type inpurities for diffusing an electric current-and injecting a
hol e bet westent h@aﬁ-tk%ﬁpefélf@é@rgd@ andialieeudary peeate nicpdidadt ofMBEyer .
EFFECT OF THE | NVENTI ON As descri bed above, there is provided a
seni condugtdod.i ght enmitting device which can inprove flow of an
el ectric current between an el ectrode and a sem conductor | ayer,
uni form ze di fThgsi samidmrdsttorantignhasoéttmectevhcef eyl eSyurithesr eby
maxi m zing efficiency. BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1
is a crosig:xsactel enbuifdarshaviengeetwastf itder subeh reteaasdnviesti onale
sem conductor |light emtting device, FIG 2 is a cross-section
vi ew showiarg cendgrtioguiayeon of a sem conductor |ight emitting device
according to an exenplary enbodi nent,

Another aspect may be achieved by providing a

semiconductor light emitting device including: a substrate;
an n-type semiconductor layer giving an electron when
receiving voltage; a p-type semiconductor layer giving a
hole when receiving voltage; an active layer provided
between the n~type semiconductor layer and the p-type
semiconductor layer and including a quantum well structure
to facilitate coupling between an electron and a hole; an
n-type electrode including conductivity for applying
voltage to the n-type semiconductor 1layer; a p-type
electrode including conductivity for applying voltage to
the p-type semiconductor layer; and am electric-current
diffusion and hole injection layer provided between the n-
type electrode and the n-type semiconductor layer and doped
with n-type impurities and p-type impurities for diffusing
an electric current- and injecting a hole between the n-type

electrode and the n-type semiconductor layer.



FIG 3 is a flowhart showi ng a manufacturing process of an

el ectric-current diffusion and hole injection layer in the

sem conductor light emtting device according to an exenplary

enbodi ment, and FIG 4 is a view for expl aining operations when
an operating voltage is applied to a sem conductor light emtting
device shown in FIG 2. EXEMPLARY EMBCDI MENTS Bel ow, exenpl ary
enbodi ments will be described in detail with reference to

acconpanyi ng Fgﬁcﬁgg EHE, IW‘%T:%PI‘{:WSS section view show ng a
configuration _of a sem conductor ght emtting device according to
an exenpl ary é¥ﬁxﬂﬁ%ﬁ%ﬂ?edF§P°§§anﬁh@reth% BEAY EBPduet BpMmiFepductor
emtting device 2 shown in FIG 2 includes a |I%ht em tting device
such as ai9igherditippngedietievii®Epcan improvas TdRgwAL| #0 P &CtXiq he
sem conductor light emtting device 2 according to an exenplary
enbodi nefUGHREP te Pt ¥ Rfht 2hhel St edRarandi ds SRR GRGEUCS oZppla st t o
the sem conductor light emttin evice 2. According to an exenplary
enbodi nemnifiok@igeni dbhfusion ?@meoém tNAg ArEe 2ipagceher Idfght

in various directions depending on its structure and use w thout any
limtati gyples, thereby maximizing efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-section view showing a configuration
of a conventional semiconductor light emitting device,

FIG. 2 is a cross-section view showing a configuration
of a semiconductor light emitting device according to an
exemplary embodiment,

FIG. 3 1is a flowchart showing a manufacturing process
of an electric-~current diffusion and hole injection layer
in the semiconductor light emitting device according to an
exemplary embodiment, and

FIG. 4 is a view for explaining operations when an
operating voltage is applied to a semiconductor light
emitting device shown in FIG. 2.

EXEMPLARY EMBODIMENTS

Below, exemplary embodiments will be described in
detail with reference to accompanying drawings. FIG. 2 is a
cross-section  view showing a configuration of a
semiconductor 1light emitting device accoxding to an

exemplary embodiment. For example, the semiconductor light



Referring to FIG 2, the sem conductor light emtting device 2 in
this enbodi ment includes a substrate 201, a buffer layer 202, an
n-type sem conductor |ayer 203, an active |ayer 205, a p-type

sem conductor |ayer 206, an electric-current diffusion and hole
injection layer 207, an n-type electrode 204 and a p-type el ectrode
205. The substrate 201 in this enbodinent is used for grow a
sem conduct or | ayer, which can be achieved by a material such as
sapphi r e. STk EVESE, 2t RBOYNLERr At % gt divgst 6 an8thefMeketid ary
embodi ment may be achieved by SiC, GN, ZnOQ etc. in consideration of
2 Mt ch TR IS SSacoAdbaeBE PAYEr LM 1 gdtd ™o a | atti ce

const ant. The buffer_layer 202 in this enbodinent is provided
on the substrdt%e P Het eFL¢ he2 bubPBr SPRYEPNIPPEPL k@Rl f@pitting
rrininizi[lfgqa crystal defect due to a msmatch with the n-type
seni condu®BICY ayeraFPF Hinch tes@ect SXRIRTY aftbPedimehsant Mkt a

t hermal expansi on coefficient. . The n-type sem conductor |ayer
203 in t hiignbodicRent | S0P¥id dédasn VRELAUE T efs | APl igd2, tyhethe
n-type sem conductor |ayer 203 gives el ectrons when receiving a
forward BislapsIdEEer | Alght s caibddngerdevidre R-t yRRCEEHINSONEACt &t

| ayer 203 may be formed by growi ng a conpound sem conductor through a
met al or HEMP l@TeN eabodapent depble t | e adoovEtoret Roaht Fopmikiarpd e,
in the case of a blue or ultraviolet (UV) LED, The n-type

sem conduytawicd & ara206niity Iighd dmbodinkens sayepeieandi dvrending on
GaN- based conpound doped with n-type inpurities. Here, the n-type

i mpuriti déstarrvetsire and ugl vhehont g ddmicemdastor |ayer 203 in
this enbodi mrent may be forned the active | ayer 205. The active | ayer
205 has a strdetfigrgiot goqddft um wehie, semdércebguabee dtghatmiigting
coupling between an electron of the n-type sem conductor |ayer 203
and a holdewifcet he pnt yyie. ssegieashidigsttor inelde 08, substrate 201, a

buffer layer 202, an n-type semiconductor layer 203, an
active layer 205, a p-type semiconductor layer 206, an
electric-current diffusion and hole injection layer 207, an
n-type electrode 204 and a p-type electrode 205.

The substrate 201 in this embodiment is used for grow
a semiconductor layer, which can be achieved by a material
such as sapphire. Alternatively, the substrate according to
another exemplary embodiment may be achieved by SiC, GaN,
Zno, etc. in consideration of a match with the
semiconductor layer with regard to a lattice constant.

The buffer layer 202 in this embodiment is provided on
the substrate 201. Here, the buffer layer 202 is used for
minimizing a crystal defect due to a mismatch with the n-

type semiconductor layer 203 with respect to the lattice



In this enbodiment, a |layer of InGaN nay be grown as a well of the
active layer 205, and a |layer of (Al) &GN may be grown as a barrier

| ayer. According to another exenplary enbodi nent, the blue LED may
use a multiple quantumwel |l structure of InGN GaN, and the UV LED
may use a nmultiple quantumwell structure of GaN Al GaN,

I nAl GaN/ | nAl GaN, I nGaN Al GaN, etc. Wth this active |ayer 205, a
wavel ength of |ight can_be adjusted by changing a conposition ratio
of In or WSTENTFEERG EMEESPETETL eRERA M IhEAHED 163/ 6e enhanced by
changi ng the depth of the quantumwell in the active |ayer 205, the
nunber of actithe IReRE S CORAERREEs1aYer helacinvehiayeroodinend ¢
According to still another exenplary enbodi nent, an n-type or p-type
Al GaN GaN-SuppePYated ce ey B | n%‘égﬁ% s24¥8rt 0 2Pher e carThere
confinenent above and bel ow the active |ayer 205. The p-type

sem condRABICANRPET0F06L3HER ht &3 e FBBHEF MEALCESORBr MEGNOF adfd VASLI Vo

| ayer 205. The p-type sem conductor |ayer 206 gives a hole when
recei vi ngf @wagidvarod asi agovbpgage. IThetlpia ypabogiimeshducte | 2yeyPL06

is also forned
semiconductor layer 203 may be formed by growing a compound

semiconductor through a metal organic chemical vapor
deposition (MOCVD) method. For example, in the case of a
blue or ultravieolet (UV) LED, The n-type semiconductor
layer 203 in this embodiment may be achieved by a GaN-based
compound doped with n-type impurities. Here, the n-type
impurities may be Si.

On the n-type semiconductor layer 203 in this
embodiment may be formed the active layer 205. The active
layer 205 has a structure of a quantum well, thereby more
activating coupling between an electron of the n-type
semiconductor layer 203 and a hole of the p-type
semiconductor layer 206.

In this embodiment, a layer of InGaN may be grown as a
well of the active layer 205, and a layer of (Al)GaN may be
grown as a barrier layer. According to another exemplary
embodiment, the blue LED may use a multiple quantum well
structure of InGaN/GaN, and the UV LED may use a multiple
gquantum well structure of GaN/AlGaN, InAlGaN/InAlGaN,

InGaN/AlGaN, etc. With this active layer 205, a wavelength



by grow ng a compound sem conductor through the MOCVD net hod. For
exanple, in the case of the blue or UV LED, the p-type sem conductor
| ayer 206 in this enbodi nent may be achi eved by a GaN- based conpound
doped with p-type inpurities. Here, the p-type inpurities may be M,
Zn, etc. On the p-type sem conductor layer 206 in this enbodinent is
formed the electric-current diffusion and

of light can be adjusted by changing a composition ratio of
In or Al, or guantum efficiency in the LED can be enhanced
by changing the depth of the gquantum well in the active
layer 205, the number of active layers, the thickness of
the active layer 205, etc. According to still another
exemplary embodiment, an n-type or p-type AlGaN/GaN
supperlattice may be inserted so as to increase carrier
confinement above and below the active layer 205.

The p-type semiconductor layer 206 in this embodiment
is formed on the active layer 205. The p-type semiconductor
layer 206 gives a hole when receiving a forward bias
voltage. The p-type semiconductor layer 206 is also formed
by growing a compound semiconductor through the MOCVD
method. For example, in the case of the blue or UV LED, the
p-type semiconductor layer 206 in this embodiment may be
achieved by a GaN-based compound doped with p-type
impurities. Here, the p-type impurities may be Mg, Zn, etc.

On the p-type semiconductor 1layer 206 in this
embodiment is formed the electric-current diffusion and
hole injection layer 207. The electric-current diffusion
and hole injection layer 207 is achieved by a conductive
material capable of facilitating the diffusion of the
electric current between the p-type electrode 208 and the
p-type semiconductor layexr 206. Also, the electric-current

diffusion and hole injection layer 207 in this embodiment



hol e injection |ayer 207. The electric-current diffusion and hol e
injection layer 207 is achieved by a conductive material capabl e of
facilitating the diffusion of the electric current between the p-type
el ectrode 208 and the p-type sem conductor |ayer 206. Al so, the
electric-current diffusion and hole injection |ayer 207 in this
enbodi nent

may be a transparent or translucent material capable of
transmitting at least a part of light generated in the
active layer 205 by coupling between the electron and the
hole. For example, the electric-current diffusion and hole
injection iayer 207 may be ZnoO.

According to this embodiment, the electric-current
diffusion and hole injection layer 207 is doped with both
the two n- and p-type impurities. In the electric-current
diffusion and hole injection layer 207, the n-type
impurities give the electrons, and the p-type impurities
give the holes. Thus, the electric-current diffusion and
hole injection layer 207 facilitates the diffusion of the
electric current between the p-type electrode 208 and the
p-type semiconductor layer 206. The n-type impurities doped
in the electric-current diffusion and hole injection layer
207 may be a group 3 element such as Ga, and the p-type
impurities may be a group 5 element such as As.

FIG. 3 is a flowchart showing a manufacturing process
of an electric-current diffusion and hole injection layer
207 in the semiconductor light emitting device 2 according
to an exemplary embodiment. In this embodiment, the
manufacturing process of the electric-current diffusion and
hole injection layer 207 can be achieved by a molecular
beam epitaxy (MBE) method. Here, let the electric-current

diffusion and hole injection layer 207 be a Zn0O layer, and
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may be a transparent or translucent material capable of transmtting
at least a part of light generated in the active |ayer 205 by
coupling between the electron and the hole. For exanple, the
el ectric-current diffusion and hole injection |ayer 207 may be ZnQO
According to this enbodinment, the electric-current diffusion and hole
injection layer 207 is doped with both the two n- and p-type
inmpurities, In the_.electric-.current diffusion,and hole, injectiaon
| ayer 20%%% heé n%?pg %‘PFBSr iltm|pé1§lgﬁ$8 ttlﬁ’esbeei e%?l?eo s]?eaﬁhet ﬁgoﬁpt y3pe
inmpuritie ive the .holes., Thus e electric-current diffusion and
ol e 1 nj GATISHG ST 209 1 5%ci 11 ab RS BROCH 13 STHICT FHE" ePdetivic
current between.the p-type el ectrode 208 and the p-type sem conductor
| ayer 20§esﬁ$§tﬁYF§5e impurities doped in the electric-current
di ffusion and _hol e .injectio yer, 207, may he a grou el enment such
as Ga, and thé&Sp- F?B@hi npr i #Ggs fay bBa ﬁfb%ﬁﬁfa%eel gﬂintliu ra% As.
FIG 3 is a flowhart showi ng.a nmanufacturing process of an ,
el ectri c- TR diFT uj?%?gand“%eéi i MPectin EPay%’FO%W i #PRsRting
sem conduct or |i ght erri%ti ng .devi ce 2 according to an exenpl ary,
enbodi merftS™OST RS e d'%’g’ﬂrﬁd tFR e G alt REG5rBeBsS quqv%@g
electric-current diffusion and hole _injection |ayer 207 can_be
achi eved TRPEIROMECUIZY BRERABIFT axfi( VBE) TR heBerpeter P/t Hde
el ectric-current diffusion and hole injection |ayer 207 be a ZnO
| ayer, artPPeeHdnf. ARBPETEYPESI npoFi tFe? t 3pE-Tiged 4 t HE gridip 3
el ement such as Ga and the group 5 el enent such_as As, respectively.
As shown empodli@ens, MAY sigst paret20800s i r IO0Fr epMeanvdsi Isei ngt
heated up to a proper annealing tenperature and cooled down to a
pr edet er mipzactgoaw 392t espendtanecaslppewinth onti3d 1. ofdradthieoropert,i on
301, the annealing tenperature for the substrate 201 in this
enbodi nemtatrayialle aliout 6RO -eVdfrridveanmaeinte, daf fapeomt i 30dle
simul taneously with the operation 301, materials for the
el ectri c-icljreceibndilblyesi an7aadehal eoi hegtéd omp | @y® rm2{ht sdAimredalazo a
heat ed up and nmai ntai ned at a proper tenperature for the growh. In
t he oper atdope r302meEachurenpRimt the gftobtie. nBherhal ogeathienvasdxd
dependi ng on processes, and al so varied dependi ng on growth degrees.
Furt her, eadhempeatpatrdrerel oFf atld maerd adisucidyl &e | vambdd hdegaatding
material is provided nay be varied dependi ng on the anount of
mat er i al srPWrdaesiske ,cahld, atlbe shrtictiuaepehdife o€l §rowtic. ddpfees.
exanpl e, Zn nmay be nmaintained at a tenperature of

Further, a temperature of a cell {or a crucible) in which

each material is provided may be varied depending on the
amount of materials put in the cell, the structure of the
cell, etc.

For example, Zn may be maintained at a temperature of

about 300 ~ 600T, Ga may be maintained at a temperature of
about 500 ~ 800C, and As may be maintained at a

temperature of about 200 ~ 300C. However, these

temperatures disclosed in this embodiment are nothing but
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about 300 - 600r, Ga nmay be maintained at a tenperature of about 500
- 800r, and As may be mmintained at a tenperature of about 200 -
300r- However, these tenperatures disclosed in this enbodi nent are
not hi ng but an exanple. In other words, these tenperatures my be
vari ed variously dependi ng on use equi pnent or the |ike. Under
the condition prepared based on the operations 301 and 302, if the

t t f th t 201 j t,.the substrate 201 | tated
2t Oper atfon SH9E L thanct { REVSRULTRIODT TR Fot AT ety alay 20F and

t he shutter_.of the.cru«ii bl.es é{ﬁr t he cellg i.n wh'gch tgg r s]E)ective
mat eri al s Hre hrévi-gaitEr SBPRIYN &7 dinst &3 dRT864°EnH"%05 XS0 t hat
nol ecul es and _atons vaporized .fromeach material can_arrive at. the
Substrate 201 VRN O IMTRER RHFEATE 0% = Fhe o b PRE SH e
atons of each nmaterial _are popped out fro he crucible attached
o the sullth Airh 2961 &S FRe CRORTRTS ot T SuBSPPEFat SOR ArtE (11
respective cruci bl es are opened, thereby formng a thi.n film of the
el ectri c-tg't?r r SRS i Fust Bh éﬁdrﬁBFEe?njagcﬂp@ﬁaFéQBr 3987 dthBperdis on
306. In the operation 304 to 306, nost of Zn is coupled with
oxygen (PPUH®T Sisthe sFAGREIRY yebRFtHRtondP L aggdcihes sl sot ed
W th oxygen and generates an el ectron. Since oxygen is nost commonly
found as eCtPatPbRF gefPr a thedi 6°fF-8fuetity W pFaSner eRF e Ve
device or the like may be used to separate the nol ecul ar oxygen and
get at oM tGHiGes. 2NBaRRATIEed 2R P dditerrREEFLIARR T 1R AD%r e
coupl ed. Thus, both_ the electron and the hole exist within one thin
film so thfenmofpehl ¢he2Bf eGLPME- d@RcgAEed] o8y GRAhdHetelal
injection layer 207 is grown to sone_extent, the shutters of the
cruci bl eSForRAHEFSr &$pdde vabFaratralllar énchbeetPedrtidteniP4d and

conpl et %the growth of the electric-current diffusion and hole
i nj ecti orPY%ayefh2omodecygésat e g, atoms of each material are

popped out from the crucible and attached to the substrate
201 as the shutters of the substrate 201 and the respective
crucibles are opened, thereby forming abthin film of the
electric-current diffusion and hole injection layer 207 at
operation 306.

In the operation 304 to 306, most of Zn is coupled
with oxygen (O) and forms a single crystal of ZnO, and Ga
is also coupled with oxygen and generates an electron.
Since oxygen is most commonly found as molecular oxygen, a
radio frequency (RF) plasma source device or the like may
be used to separate the molecular oxygen and get atomic
oxygen. Meanwhile, a hole is generated when Zn and As are
coupled. Thus, both the electron and the hole exist within

one thin film.
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FIG 4 is a view for explaining operations when an operating voltage
is applied to a sem conductor light emtting device according to an
exenpl ary enbodi nent. For conveni ence, the substrate 201 and the
buffer |ayer 202 are not shown. According to this exenplary

enbodi ment, the two n-and p-type inpurities cause both the el ectrons
(-) and the holes (+) to exist in the electric-current diffusion and
hol e i njection,l|ayer . e ron (-).of the-.electric-current

di ffusion and kﬁié i%ﬁ%%tf%% |§%§§%ﬁﬁg‘$ﬁéﬁ%ﬁé gﬁﬁf%s%%%tgg Héeg%en
the p-type el ectrode 208 the p-type sem conductor Jayer, 206

t her eby iln%eocwlr?élf a&’v?roffd;ﬂ o e%{)?"f%/ RUrv el Rt rﬁ%’r ehﬁni %lrlﬁ%/rs

di ffusin el ectric current,. Further,.the haole (+)_of the

el ectri o R LT PIS oR O Nt ot S0 Wtd O Tekudr 2855 aELraed The
injection.of the hole.into th -type sem conductor .| ayer 206

ther oby AT nOPEPAEELRR! cEafr LR (Aiow et o CHREEBHT LA,
in the sem conductor light emttin evi ce according. to thi

enbodi nen‘ﬁfcf"'ﬁéo&péflﬁlt ;nﬁgevfﬂli’ %@%l‘?f% %g§7aﬁ 8ﬁ?§gﬁ7‘éne$¢f'ci ency
i s enhanced, t rer naxiniziqg %he efficLencg of th%,devic :

In this embodifmSnt, %t A8 & t YR eFBEL FERE22BA AN FPERE HOP pd P EPe AT ode
205 apply voltages to.the n-type sem conductor |ayer 203 and fhe
p-type seéRCETdTSt oF Ol-558F ZJO% e edt hEC -3 y FETRICEBAPEERT 204 G i n
contact with the n-Rxpe sem conductor |ayer 203, and the, p-type

el ect r ode™OF 1Y P TSR RICHTRY He® ARcTFTRREANY AP U FIRIE onf Und
hol e injection |ayer 207. After formng the el ectric-current

di f f usi orf UVETHEE S nFBEL PBRSTESRE 2O anhdhs- PpEées) LeYFbde? 204 Sray
be fornmed on the n-tXPe sem conductor |ayer 203 by partially etching
the acti V¥ SP05CFE IR e tHaFi CSRAREREY Fla%‘é?‘lwstfanﬁlet Hevo
electric-current diffusion and hole injection |ayer 207. The n-tzfe
el ect r od* 204 ik ¥2fe PRRYHE- e cERetR BB5N nidehe lechirenad by £
metallic material such as Ti, Au, A, etc, . In this enbodi nent,

t he n-tyd@%l%ﬁ?%dé*koﬁoi sexd'rst’ivijdbdﬂh%r P3BRERLFYCORF e ShREISIUE as
the p-type electrode 205, but_not limted thereto. Alternatively, the
n-type el®@& r BAES 200 IRGF 198 ptaveted Wer tTRAI BYSEEXBRB opposPEe % t he
p-type el ectrode 205 wth respect to the active |[ayer 205. For

i nst ance,eJter?&rflGr‘éﬁéirﬁQterﬂfefiﬁpq?elrﬁn drRe| dds t haie¢hion layer 207

el ectric-current diffusion and hole injection |layer 207 is provided
cor r esporfidig o oFé Cp-aopsécseREEYRABUCEDBE Paywpe 206echiRds t24% and
not hi ng but an exanple. Alternatively, the electric-current diffusion

and hol e §hf] extivee IsepEcoRglicher prYerdédbeofRespondimprevithel ¥t ype

sem conductor |ayer. . _ .
of an electric current and more uniformly diffusing the

electric current. Further, the hole (+) of the electric-
current diffusion and hole injection layer 207 assists the
injection of the hole into the p-type semiconductor layer
206, thereby causing more electric current to flow more
uniformly. Thus, in the semiconductor light emitting device
2 according to this embodiment, the operating voltage is
lowered and emissive efficiency 1is enhanced, thereby

maximizing the efficiency of the device.

13



Al so, alternatively, the sem conductor light emtting device may not

i nclude the buffer |ayer 202 as necessary in |light of design.

Al t hough a few exenpl ary enbodi nents have been shown and descri bed,

it will be appreciated by those skilled in the art that changes nmay
be made in these exenplary enbodi mrents w thout departing fromthe
principles and spirit of the invention, the scope of which is defined

in the appenq%ql gguk‘fg{sgﬂr;eﬁb%tn@%itr et_q)'-é' \{rg—ltyﬂ)tes'ele%!o@ %T aln%bg'}féalvg!)

IS: 1. A semcon t em'tting deVice conprising: a su

\"’/‘gl t”;ltg)é?ep—sc%ecO”é’i‘ecétofodeayeéo§i VLRZ: §N GLEELLOD WASN nSGel Ving e
semiconductor layer 203 and the p-type semiconductor layer
206. Here, the n-type electrode 204 is in contact with the
n-type semiconductor layer 203, and the p-type electrode
205 is in contact with the electric-current diffusion and
hole injection layer 207. After forming the electric-
current diffusion and hole injection layexr 207, the n-type
electrode 204 may be formed on the n-type semiconductor
layer 203 by partially etching the active layer 205, the p-
type semiconductor layer 206 and the electric-current
diffusion and hole injection layer 207. The n-type
electrode 204 and the p-type electrode 205 may be achieved
by a metallic material suéh as Ti, Au, Al, etc.

In this embodiment, the n-type electrode 204 is
provided horizontally on the same side as the p-type
electrode 205, but not limited thereto. Alternatively, the
n-type electrode 204 may be provided vertically to be
opposite to the p-type electrode 205 with respect to the
active layer 205.

For instance, the foregoing embodiment discloses that
the electric-current diffusion and hole injection layer 207
is provided corresponding to the p-type semiconductor layer

206, but it is nothing but an example. Alternatively, the

electric-current diffusion and hole injection layer may be

14



a p-type sem conductor |ayer giving a hole when receiving voltage;
an active | ayer provided between the n-type sem conductor |ayer and
the p-type sem conductor |ayer and conprising a quantum wel |
structure to facilitate coupling between an el ectron and a hol e;

an n-type el ectrode conprising conductivity for applying voltage to
the n-type sem conductor | ayer; a p-type el ectrode conprising
conductivity .for | ying volfage o the p-type.sem.conductor |ayer;
and ot B spBplEn OFF 1e oh s WERSRRMERE BN fhper

i ded bet t he p-t . ' tor.l d the p-t
D Ovt dog Dot WeL A he YRS SR contuoLan L aXglA0d 1060 LiPEcine
el et r 0de ST FE T SRS e ot o Ty x 202 SanBrerpeere n e
el ectric-current g{ftusion and hole injection layer transmts at
[

| east a pard o 9§Ht9%ue to coupling between an el ectron and a hol e,

wherein the el ric-current diffusion and hol e
ﬁT%hough a few exemﬁiary eéko iments have been shown

and described, it will be appreciated by those skilled in
the art that changes may be made in these exemplary
embodiments without departing £from the principles and
spirit of the invention, the scope of which is defined in

the appended claims and their equivalents.
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i njection |layer conprises a conpound of ZnQO. 2. The

sem conductor light emtting device according to claim1, wherein at
| east one of t Hid ype sem conduct or | ayer and the p-type

sem conduct or T'ayer conprises a GaN based conpound. 3. The

sem conduct or i ght | Lt vi ce according to claim2, wherein the
eIectric-curreﬁﬁﬁih%éﬂﬁgﬁ;w%gngghole injection layer is forned by a
nol ecul ar beam epj t axy, E) _nmet hod ... 4. The seni conduct or
light emitti ngi u@%/isceé‘}/%?(ega“&itﬁé EngF T B A4S S GRPPES P A
buffer layer between the substrate and the n-type sem conductor

layer. 5. A §%ﬁ#§6ﬁﬂﬁ%ﬁbr light emtting device conprising: a

substrat e; an n-type sem conductor |ayer giving an electron
when receivinjanTT%Xﬁg semiconductor layer giving an electron when

receiving voltage;

a p-type semiconductor layer giving a hole when
receiving voltage;

an active layer provided between the n-type
semiconductor layer and the p-type semiconductor layer and
comprising a quantum well structure to facilitate coupling
between an electron and a hole;

an n-type electrode comprising conductivity for
applying voltage to the n-type semiconductor layer;

a p-type electrode comprising conductivity for
applying voltage to the p-type semiconductor layer; and

an electric-current diffusion and hole injection layer
provided between the p-type semiconductor layer and the p-
type electrode and doped with n-type impurities and p-type
impurities for diffusing an electric current and injecting
a hole Dbetween the p-type electrode and the p-type
semiconductor layer,

wherein the electric-current diffusion and hole
injection layer transmits at least a part of light due to
coupling between an electron and a hole,

wherein the electric-current diffusion and hole
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a p-type sem conductor |ayer giving a hole when receiving voltage;
an active | ayer provided between the n-type sem conductor |ayer and

Lhe ;B IEEeaphter daypn gatcompiaha.e et um el

structure t i ng betwee el'ectron and a hol e;

an n-type el ecéf0%§ec%%H{iic%haggﬁé}{]d%ﬂ%wi te%ﬁift%ngp%'e%”% ‘é%'cto%%ﬁnl%_io
uctor layer; a p-type g

the n-type sem con erectrode conprisi

conductivity far. .applying e 1o the_p:type sem conductor |ayer;
and ICIDan celaég\tri%'-cuvf}\r{%%ﬁgif gsi gr?a%ﬁd 51% i%]jpec}gl%n Ina§9é’ ©

rovi ded bet n.the n-type_electrode and the n-type sem condyct or
ayer andoaBbea e Rh ST npur] 11y Wnd YEot et S Tics fgver
diffusing an electric rrent. and injecting a hole between the n-type
el ect r ode“ 3T 1H® £ (5 é*?ﬁﬁpc8ﬁﬁa8P%S'layer. 6. The
sem conduct or iggb em ttin devicelaccording to claimb5, wherein the
el ectric-current Ff&??&ﬁogﬂﬂcﬂ%¥e AP ECEMOR AT e ASV GRS ACCETHENY

f.light due to couplin etween an el ectron and a hol e.
least a p@étcfgim é{ wherein t%e g&ec rgc~current diffusion and hole

injection layer is formed by a molecular beam epitaxy (MBE)
method.

4. The semiconductor light emitting device according
to claim 2, further comprising a buffer layer between the
substrate and the n-type semiconductor layer.

5. A semiconductor light emitting device comprising:

a substrate;

an n-type semiconductor layer giving an electron when
receiving voltage;

a p-type semiconductor layer giving a hole when
receiving voltage;

an active layer provided Dbetween the n-type
semiconductor layer and the p-type semiconductor layer and
comprising a quantum well structure to facilitate coupling
between an electron and a hole;

an n-type electrode comprising conductivity for
applying voltage to the n-type semiconductor layer;

a p-type electrode comprising conductivity for

applying voltage to the p-type semiconductor layer; and
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7. The sem conductor light emtting device according to claim5 or 6,
wherein the electric-current diffusion and hole injection |ayer

conprises a compoubidf; LRQrrent diffusion and hole injection layer

provided between the n-type electrode and the n-type
semiconductor layer and doped with n-type impurities and p-
type impurities for diffusing an electric current and
injecting a hole between the n-type electrode and the n-
type semiconductor layer.

6. The semiconductor light emitting device according
to claim 5, wherein the electric-current diffusion and hole
injection layer transmits at least a part of light due to
coupling between an electron and a hole.

7. -The semiconductor light emitting device according
to claim 5 or 6, wherein the electric-current diffusion and

hole injection layexr comprises a compound of ZnoO.
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