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FI ELD Appar at uses and nmet hods consi stent with the exenplary
enbodi ments relate to a sem conductor light emtting device, and nore
particularly to a sem conductor light emtting device capabl e of
enhancing diffusion of a current and injection of holes between an

el ectrode and a seni conduct or | ay FEEQEZASKETIND A sem conduct or
light emtting device, used in various fields such as a liquid
crystal display TITDE OECERVBKTIONL| BBMAGONDHCTARILIGHAYEMETTINGNd

wi dely known as a "light emtting diode (LED)," emts |light on the
principle that the light is emttedhawmg a wavel engt h range
corresponding to an energy gap between a conduction band and a

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

TECHNICAT, FIELD

Apparatuses and methods consistent with the exemplary
embodiments relate to a semiconductor light emitting device,
and more particularly to a semiconductor 1light emitting
device capable of enhancing diffusion of a current and
injection of holes between an electrede and a semiconductor
layer.

BACKGROUND

A semiconductor light emitting device, used in various
fields such as a liguid 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 bkand when a forward bias vcltage is applied
to a p-n junction semiconductor.

Such a semiconductor light emitting device is reguired
to be improved in wvarious design indexes such as guantum
efficiency, photon  extraction efficiency, packaging,
reliance, etc. Among 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 i nd%%o@U%‘Ba@ﬁg quaps wn effiabenay, RIGt BEboog-ooss
extraction efficiency, packaging, Teliance, etc. Annng such i ndexes,

diffusion of an electric current and injection of hol es between an

el ectrode and a 10-2009-0088009 _filed on Septenber 17,

2009 _PG2009- 0088 semi conductor |ayer are particularly |nportant in

| i ght ofseeifgnductor laRe@G areshows lawraosly semdwremt an light of
conventional sem conductor light emtting device. In the conventi onal
sem conddesbgnlight emtting device 1, a buffer layer 102 is provided
on a substrate 101, an n-type sem conductor |ayer 103 is provided on
the buffer | ayec.102, sndwan acttveskaygectf@bnandra p-typaventional
sem conductor |ayer 106 are provided on the n-type sem conductor

layer 103emfbsAdutbsrseamigandugmt etihbgMewidting dewd cechvbuitBarl
i ncludes an n-type el ectrode 104 and a p-type el ectrode 108 to apply

VO'tagesséﬁléBﬁdﬁcEMPG1%%%&CQQQWEEng'é&@Icé0§haﬁﬂ]&Jf%éktigﬁer 102

sem conductor |ayer 106, ‘respectivel e sem conductor |ight

em U ng; deylae shadduhi anaklyshag gdt%latgﬁnsrpag | ¢ gﬁ%gﬂeﬁcﬂc%

bet ween t e p-type el ectrod ype s uctor ayer
106. The trans nt,_el ectrode 107 i ra arent or nsl_uc

| ayer hav?ﬁa condﬁc%|V|? ﬁﬁ?%h 5hn§88 §%ﬁ€§5é iﬁyeg Z%é?bas
conmpound to. Mhlﬁ -ty ty e inpurities are added.
Speci fi caFFyVet h8YEra ct#B88e SEFE URS5Ed YR t hREnaFGpe

inpurities to _enhance the dlffu5|on of an electric current, but the
p-type |H59VF@?€50P0téﬁha%c%y@%eS?WP@@PﬁBﬁtBF HEvés. This, Ather the
transparent el ectrode 107 was doped with either of the n- tyf
i mpur i ti@smaFopfechorygd ahvpuamittebng sdevhae thewitthami bacludes an
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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 is a transparent or translucent
layer having conductivity, which can be achieved by a ZnO
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



of an electric current or the injection of holes can be enhanced to
thereby inprove an ohihC,&@Nb&Gho§NANAGLES bskiGn0f 13, d8HICEaz009-008s
That is, the conventional transparent electrode 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 net hod of doping
the transparent el ectrode 107 contacting the p-type sem conductor

| ayer 106fwiarh thecprigpeunnemti téesther dimjeartiarg dhe hiedless. can be
However, the conventional transparent el ectrode 107 doped with either
of the nehypeckdpuni theseby therpvbype bhpudkei tbesacoukdarapteve saie
of the diffusion of an electric current or the injection of holes but
coul d nobrbg expeeted to inprove both of them For exanple, in the
case that the transparent el ectrode 107 is formed using ZnO on a

GaN-based senmpggpdugt oknhkayehvehtibRg1t t2RsRALEBhtreLecLERdR1967 95
doped with only the p-type inpurities, the injection of holes is
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contactling 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 layer, if the transparent electrode
107 is dqped with only the p-type impurities, the injection
of holes 1is enhanced to some extent by increasing hole
concentration but it is difficult to improve the flow and
diffusion of an electric current.

DETAILED DESCRIPTION

TECHNICAL PROBLEMS

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

flow of an electric current between an electrode and a



sem conductor |ayer, uniform ze diffusion thereof, and enhance
injection of holes, therehy-o®eoddziingdaelf sehnsyr 19UMARYe&dn09-0088
| NVENTI ON The foregoing and/or other aspects nmay be achi eved by
provi ding a sem conductor light 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
recei vi ngemép@agé?taﬁ adeyes, | ayed fprovicg@ed dbéifweannt héhgrepge and
sem conductor |ayer and the p-type sem conductor |ayer and including
a quant uemhehtestngetuient off hcilket atbecebyl nagihewegn edii ielieatyon
and a hole; an n-type el ectrode including conductivity for applying
vol tage to t heUMMRARPeOBeNVBNUNONOr | ayer; a p-type el ectrode
i ncl udi ng conductivity for applying voltage to the p-type
sem conduct or Thay €bireadd ngMaeloyety i Coitdl redbecli § frisy opeandhheked by
injection layer provided between the p-type sem conductor |ayer and
the p-typecekashhode and QRRRGEMWA M AGHYPEmi FPURGt HEF18Bd iR IYRE ng:
impurities for diffusing an electric current and injecting a hole
bet ween the l.ectpode_ th = 1.CO or |l r.
The eIec%riggg%%?%ﬁ%'dikpusﬁoﬁggﬁd %8 ék¥ﬁﬁg§??gn Pg %% n3§%¥§ nsM t
at | east rt_of |ight due t.o coupking hetween .an electr.on _and.a
ol e e 2eBR e i R B Eedn And ks | b eReR e
may incIEde a congound BlenCE 10-20091008802% filed on %eg;e er
17, 2009-PE3609 060688 2 "C-CAVFPBasF 6rE18F t'Re “A9Eyp&lsEM¢dTdult'sr
| ayer and the g-t pe sem conductor |ayer, may include a GaN hased
conpoundProvid dT%?@%’P&@t GG dUTratft %‘?TH‘E}%‘%/%C%% horeri apdcténP-
| ayer na¥ be forned by a nol ecul ar bean1epita§¥_(NBE) met hod.

ype semiconductor layer and 1including a guantum well

structure to facilitate coupling between an electron and a
hole; an n-type electrode 1including 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 hecle 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 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.



The sem conductor light emtting device may further include a buffer

| ayer between the subshLafe-gddbobberiNzbYRE sSeBeeRAUCt Mol BYRYos-coss
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 conduct or

| ayer giving a hole when receiving voltage; an active |layer provided
bet ween t he nAtypeasénPasendiictbe haygpcamsdmihengucyps sevieconddctde

| ayer and including a quantum wel| structure to facilitate coupling
bet ween pntgpecsemncanduathol éaven mayypecéhbdet rodGeNr-bebedi rgmpound.
conductivity for applying voltage to the n-type sem conductor | ayer;
a p-type el ecthedeeilaekudcrgueesdyct biiffyision appkyi Agleol tagectaohhe
p-type senm conductor |ayer; and amelectric-current diffusion and

hol e inj egyken hayehdr eviried Qﬁ&Mﬁﬁnmbmécﬂibfpeb@éﬂckﬂﬁﬂﬁn@ﬂd(MB@)
n-type sem conductor |ayer and doped with n-type inpurities and

p-type ipgpeUpbhies for diffusing an electric current- and injecting a
hol e between the n-type el ectrode and the n-type sem conductor | ayer.

10- 2009- 0088009, f i  £dk 47, 009- 9088 EFFE HE
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light enitting device.which i | ow of | ectri t

petveon SHCBRG8 FodOLARd 4oLeR EBRAGSLoF "PapbpoCSREFoPR 2 ha: f1 54FEn

t hereof, and en anéé E%%ection of hol es, thereby maxi m zing
ef fi ci ent§T BRI'BEECBRSCRFBTION OF THE DRAW NGS FIG 1is a

cross-section_view show ng a configuration_of a conventional
seni conduct or APPERETemidSHST delGte, e 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 semiccnducteor layer giving a
hole when receiving voltage; an active layer provided
between the n-type semiconductor layer and the p-type
semiconductor layver and including a gquantum 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 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 2 is a cross-section view showing a configuration of a

sem conductor [|ight eﬁblido@goﬁ%b§%1§8&Q§ndb£&9ce¥a9e@rl7exﬁmé| AE3009-0088
enbodi nment , FI G is a flowhart show ng a manuf actur | ng
process of an electric- current diffusion and hole injection layer in
the sem conductor light emtting device according to an exenplary

enbodi nent, and FIG 4 is a view for explaining operations
when an oper aBEFFRBCToPFaGBE| INYBRTIGN to a sem conductor |ight
emtting device shown in FIG 2. EXEMPLARY EMBCDI MENTS Bel ow,

exenpl ary enbbdi gestsiwed abevegsdrhidmd i pevaidleav &hseafiepedoetba
acconpanying drawings. FIG 2 is a cross-section view show ng a
configuraignd ehidtsegl cenduet ehikthgbhnetinplkbig devivceragaoedengrtie
an exenpl ary enbodi nent. For exanple, the sem conductor |ight

10- 2009- 8083000 _fddiaban septerderrdde 2000 _FPG209-Q088 @Mt t hAger,

device 2 shown in FIG 2 includes a |light emtting device such as a
light emptepgndbedeq{ D ion thereof, and enhance injection of

holes, thereby maximizing efficiency.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-section view showing a configuration
of a conventiocnal 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 is 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 1is a view for explalning 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 light emitting device according to an

exemplary embodiment. For example, the semiconductor light



As shown in FIG 2, the sem conductor light emtting device 2
according to an exe”D'z@llé/oo@ﬂb@éﬂoﬁﬁnhlg@y@e@bﬁte'mbgptﬂm%bﬁp&ﬁo‘é’%&bs
bias voltage is applied to the senmconductor light emtting device 2.
According to an exenplary enbodi nent, the sem conductor [|ight
emtting device 2 may emt light in vari ous directions dependi ng on
its structure and use without any limtation. Referring to FIG
2, the semitbhdacteriktieght seant iingFdévi €eincilideli & Silgbdi wavittting

i ncludes a substrate 201, a buffer layer 202, an n-type sem conduct or
| ayer Zoaevaneasubheabayeﬂi@ﬁﬁ,emiptﬁmgediedbcdﬂﬂ@@tdr | ayer 206, an
el ectric-current diffusion and hole injection |layer 207, an n-type

el ectrode 204aandhawir tirperetectr, odth20%emi condudther Subght atei2@1 nigh
this enbodiment is used for grow a sem conductor |ayer, which can be

achi eveddbyiaenet ekicto rgélly asosapphici@mpAlargr Nnahb¥eh Ment hanspbstiiat e
according to another exenplary enbodi ment may be achieved by SiC,

GaN, Zn0yighe. HReAONS! UEEALALH Obids TSI Md h fde S8 condyct Ok e

| ayer with'regard to a lattice constant. The buffer | ayer 202
inthis P pyj de S te,201 h uf_ter
| ayer Zoggﬁgghgggk}:b]? ! %ﬁlrlr?zi%ﬁgncaélcr s;tjiftatél%tl fe%t d%e ]l':&nén gcrégt c%

with the n-t ersem c %L{ctor é%r Zg?é V\Atfr’ll reggect tolr1 he Ia% i.ce
10- 2009- 86%@ Ber¥; | 858 S8Ptenbél °17 >3068"985603- 0088 Con St it 18
a t her nmal i on coefficj e sem conduct.or | ayer

t -
203 in tAPE ERbadRYnETE p]rlcﬂr}?tdejop oReFRaSs At EREr 25BE *9g8eReRgg &

n-type sem conductor |ayer 203 gives el ectrons when receiving a
forward bFasSyERERYES F"ﬁdt HP§ ¥Rbbaviedly th81katYHE -seni conduct or

| ayer 203 may be forned by growi ng a conpound seniconductor through a
met al or gani cReRerréap \F@p@ﬂfijep"omW%nsiémmﬂuﬁ’é@ﬁoéll%ér B &iping,
in the case of a blue or ultraviolet (UV) LED, The n-type

sem conddevoee| &/ ein20diisn ehbgdémbodi nertlurkeys be mchisewed cby2@l, a
GaN- based conpound doped with n-type inpurities. Here, the n-type
i mpuritikbsffay bev®r 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



On the n-type seniconductor |ayer 203 in this embodi ment nay be
formed the active | ayep-2@B-odd¥@oaciihve c!na)é@;]!;te%%r has 2ot b&iodt & f
p

a quantumwel I, thereby nore activating coupling between an el ectron
of the n-type sem conductor |ayer 203 and a hole of the p-type
sem conductor | ayer 206. In this enbodi nent, a |ayer of InGaN

may be grown as a well of the active |ayer 205, and a |ayer of

(Al) GaN magsbengrand asthepapdi exphagépn Aeedfdiciagnte anot her

exenpl ary enbodi nent, the blue LED may use a nultipl e quantum wel |
structure of ThGN-GyNe arethitdvendivticED Ieeyeus202 mml thpke eqbadtiment
wel | structure of GaN Al GaN, | nAl GaN I nAl GaN, InGaN Al GaN, etc. Wth
this active |mpyerid0bd, anwavieiengbhff2@- 2009;&088Q0%2.f 1 | Btk onn-type
Sept enber 17, 2009 P02009-0088 of |ight can be adjusted by changing a
conposi t kemi EahtiQcebr! MaOfeAl 200" (Ut ugL 8EEL6heNGhdm toEe D gan

be enhanced by changing the depth of the quantumwell in the active
llayer 20%q{,heqnupbgt ofcaghipue | ayer spikhehbbekpess ,of chhe actiye
| ayer 205, etc. According to'still another exenplary enbodi nent, “an

n-type OLofs LYAR.ALGAN GONSUBRELLY! LECE IRY DB B8l EE S0 AR kA

i ncrease carrier confin nt above~an _ ~active-lay
The p-typg sen 8§guctor l%)ﬁ?'ia 2(?36 in tahis enbodi nen oimed

the active tayer 205" Tﬁ‘grp- *Vpe seﬁlﬂ%%nduc?%(?a%&erEE%%i%?ves VQ%%& e

when recggggggtgogor%ﬁﬂgn)iaﬁethod. For example, in the case of a
blue or ultravielet (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 S5i.

Cn 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 electren 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

quantum well structure of GaN/AlGaN, InAlGaN/InAlGaN,

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



vol tage. The p-type sem conductor |ayer 206 is also formed by grow ng

a conpound sem conduct@radoL esiddob he 1VMPQYDsERLtA8dy 17T 2 @AW Ro-biks
the case of the blue or W/ LED, the p-type sem conductor [ayer 206 in

this enbodi mrent may be achi eved by a GaN- based conpound doped with
p-type inpurities. Here, the p-type inpurities may be My, Zn, etc. On
the p-type seniconductor |ayer 206 in this enbodinment is formed the
el ectri coéutieht @enfisi eAjaAded by changing a composition ratio of

In or Al, or guantum efficiency in the LED can be enhanced
by changing the depth of the quantum well in the active
layer 205, the number of active layers, the thickness of
the active layer 205, etc. According to still anocther
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 embocdiment
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 layer 206 1in 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 layer 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 isoagdiseveshoby @ i1eangduetbmanantieni adoqCagaloeafs
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 mrent  10- 2009- 0088009 _filed on Septenber 17, 2009 PG2009- 0088
may be a transparént or translucent material capable of

transmitting at least a part of 1light 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 ZnoC.

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 currxent 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 1light 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

10



may be a transparent or translucent material capable of transmtting
at least a part of |igbtogenersabed dined e 8&ddewBed AYEr20205pd»009-0088
coupling between the electron and the hole. For exanple, the

el ectric-current diffusion and hole injection |layer 207 nmay be zZnQO
According to this enbodinment, the electric-current diffusion and hol e
injection |ayer 207 is doped with both the two n- and p-ty

i mpuriti B8e v t#ed ePettPRc-ClYEflaf f FasPen daRrRPhobe |tr1?]eec‘i¥%1ﬁp 3

| ayer 207, the n-type inpurities give the electrons, and the p-type

i mpur i tle%e@ieve thecthoes GaThard tthe eteetri & catement dstehsian Asd
hol e injection |layer 207 facilitates the diffusion of the electric
current betpeenivhéyp-type el ectrode 208 and the p-type seni conductor
| ayer 206. The n-type inpurities doped in the electric-current

di ffusi on andabol eshonhecinhonFi@yer3,20% ey b s rgiteup 23 1el egentisgeh
as Ga, and the p-type inpurities may be a group 5 el enment such as As.

FIG 3 igrapbkewcharst shioMqg Redesdf aghur ik pf 0CEB6p&F aBnnealing
el ectric-current diffusion and hole injection layer 207 in the

sem condughgErhtabt emdting1deyi 68wd acsordi ng R @EHIP! §¥wing
enbodi ment. I n this enbodi ment, the manufacturing process of “the

el ectricy @;{5399& dif fisi gp2ad; bol &ydin) ALl Ahd AUBEZ0ToRAMAE, ¢

achi eved no ecular an1ep|taxy (NB | et t’he

Cayer, A C15E 0800 GRBBO0S R 6aoBn U erfibe AL 200 Oﬁéze‘s‘aé”z%ég

the n- and p-type inpurities to be do ed be the group 3 elenment such
as Ga anﬁmPﬁgl@?BEp Bay| efdnt RN as"Hs, tesp @Qq?velveanWhllﬂs sR&wn
in FIG 3, the substrate 201 is first prepared as being heated up to
a properopanealiong Gégpersatmule aareusdgl edviddwn tloe a ppedet éom nédl,
growi ng tenperature at operation 301. At the operation 301, the

anneal i ngatenpelat urerf otheheesgbstkiateuz28dntn Hhifrsuenbadi grat ABYcbe
about 500 - 700C. Meanwhile, at operation 302 sinultaneously with the

oper at | Oﬂn?@étlﬁﬁt ehkaks 2bar arke LlRCtHdLoddrignindi hb ust 9inagdahoke
injection [ayer 207 are al so heated up and naintai ned at a proper

termeratpgepw M MR FOr t RRORBFAAHPN §92’th9ea%‘péf’e£@f%ﬁt 402, of
the materials may be vari ed dependi ng on processes, and al so varied

dependi ”gaBH 9l ﬁ:}a eaghee%sf FH%tHQEeri‘aigngl%ﬁ ev9£1§d08%ge§18rn

cruci bl ey orn whi mat er I'S provi e vari ed pen
on t he anpgunt of materi alr%s) aplsozi n t.he ce he structur
n

cel I, etd’ PTo°°°E5P exa Y ey be en%é%fﬁan%ean 9%“’?%8895?8%

of abOUt SOQh r?ooctéﬁ%é@ature o%ntaEQEQ t a teqpucfbfre gn which

each material 1is provided may be wvaried 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 ~ 300TC. However, these

temperatures disclosed in this embodiment are nothing but
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about 500 - 800C, and As nay be nmintained at a tenperature of about

200300C. However , t hese 1berperaidsnes disglBsedbddinthiig, esedbomi-ede
not hi ng but 10-2009-0088009 filed on Septenber 17, 2009 PG2009- 0088

an exanple. In other words, these tenperatures nay be varied
variously dependi ng on use equi prent or the |ike. Under the
condition prepared based on the operations 301 and 302, if the

t enper at 8fe DFATPES subidt r SLt&2V1WPEdSet | thage s ERetat POaEs | Satot Reed
at operation 303. Then, the shutter of t he rotating substrate 201 and
t he shutverief Vheiouaéybﬂepepdinghencebbsﬁthpmhhthotheheeipéetive
materials are provided are opened at operations 304 and 305, so that
nol ecul es andUatiens thapardrzeik fsronpeaphradt eriseld can ahei vepecattibas
substrate 201. In the operations 304 and 305, the nol ecules and the

atons of 3eachnauteri ak ratBepeppedraduirkr em the suuei-kbhecandiatitagked
to the substrate 201 as the shutters of the substrate 201 and the

respect i ¥ReClsi®shl@% Areo ppeged,odhteiehy: f gpBvRG: 8nt g fitme el the
el ectric-current diffusion and hole injection |ayer 207 at operatlon

h
306. glulc’@et: & foPgi &t ';B'Elaﬁ%lgyst é”@?z_stoz@I éﬂgasckﬁeouﬁé&gt&t s

oxygen (0) and forns a single of Zn o coupl ed

L h OIS 00 0ERELEL 0P AN BLECIIOM S NP QUNASN 508 ERTIRYLY
found as nol ecul ar a radio duency Q) pl-asmasourc
devi ce or

got ot ol LERYBLR. aﬁ@aﬁﬁﬁ?ﬂéeg 5%8?5 BeSgen ?§P§3£§ﬁ§h%rﬁgéy%e§s%§3e

coupl ed. Thys,, oLy Lhe, gl eghion, and the hol e gxi st w shin one Lhiy

film B
can arrive at the substrate 201. In the operations 304 and
305, the molecules and the 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 a thin 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 (0) and forms a single crystal of Zn0O, 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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10- 2009- 0088009 filed on Septenmber 17, 2009_PG2009- 0088 Then,
when the el ectric-curnentomdi-bfassooniand dHkepidnpectizonzdmy ef2070dd
grown to sonme extent, the shutters of the crucibles for the
respective materials are closed to thereby conpleting the growh of
the electric-current diffusion and hole injection |ayer 207 at
operation 307. FIG 4 is_a view for explaining operations when
an operating VBPRage"e agdla eglestalsericsrbtct S frghenemnd i hgle
devi ce according to an exenpl ary enbodi nent. For conveni ence, the
substrat @n20¢tand tleesrufd@®r fayerorD2 ter eamst skiowwmt, AGber dihwgtiess
this exenplary enbodi nent, the two n-and p-type inpurities cause both
t he el ecbfonbe( cyuanblehe fhol €8e( ¥pspecéxivet matetrie lel ecker icdosedr eot
di ffusion and hole injection |ayer 207. The electron (-) of the

el ectri cthareept dbmplsiangandhbol gronjact b@n lkager e2@¢éctreducas refmm
contact between the p-type el ectrode 208 and the p-type sem conduct or
| ayer 208iftherehyahaphevengnfikewieh aayekeebri grcupeent iand3uore
uniformy diffusing the electric current. Further, the hole (+) of
the electric-eygrent diffusion,and hobeg,in]eelyonaven AQ7 R9sh Shs
the injection of the hole into the p-type sem ctonductor |ayer 206,

t her eby L r rie.c 0 o] re -unif

in the sggggéggﬁg?ogoﬁ#gﬁ% e%?tt% g d%%ié%i2%%gggﬁggﬁﬁmggﬁ%ﬁislqgﬁt
enbodi nen} . . the operating vol e is lowered and em ssive.effjcienc
s enhaneBitELRar Sy e ST i he C8f Al oI aralE or J hehggident - Fe¥
10- 2009- 0088009 fil ed, pn Septenber 20Q9, 2G2009-008 In
Lhi o enbOARASRE="FRe. hiPy BEDSEAGEFodl 28R aRAS: RE L5 oEy 8 YEre0Podse
205 apply volhages to the n-type sem conductor |ayer 203 and the
p-type sBRFcEAGHBr oRrACHFELTE06-C Hates R YhecBPeEL P8Rk, 2088 $ven
contact with the n-type sem conductor |ayer 203, and the p-type

el ectrodeé—209 s H¥pcohtRer i1 eh CRESE &kth cthar dmctdidqfusion and
hol e injection |ayer 207. After formng the electric-current

di f f usi ohhandidisise (h] edi Frisyein2Ghe thkenttypeceleent odé fZ04 ivay
be formed on the n-type sem conductor |ayer 203 by partially etching
t he acti erdl dyele 205, ddiei g t ypeesentConduliteor ellayerc?206 (and dthethe
el ectric-current diffusion and hole injection |layer 207. The n-type
el ectrodel204randctibeepntt yperehetds odamR0honay bejachieved.dyem 207
metallic material such as Ti, Au, A, etc. In this enbodi nent,
the n-typeggtest bage c2Qbritsdy qsemrhocm@o%m@ﬂ;a 8netheocganeosi daqas
the p-type el ectrode 205, but not limted thereto. Alternatively, the
n-type ekﬁétba%%p%oééﬁﬂbdﬁadEESHfﬁgbdﬁriﬁéﬁ!£Me£8b9€iﬂg98§ﬁhe trQ oihe
p-type electrodé 205 with respect to the active |ayer 205.

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.
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For instance, the foregoing enbodi nent discloses that the

el ectric-current diffuskzovoaneksob eriinpjest seprdndyeri7207009S pEr 0w olesh
corresponding to the p-type sem conductor |ayer 206, but it is

not hi ng but an exanple. Alternatively, the electric-current diffusion
and hol e injection |ayer nmay be 10-2009-0088009 filed on Sept enber
17, 2009_ PGZOOQ 0088 provi ded corresponding to _the n-ty

sem conduct or *layérts embodigeny, ather Rativbel y%l@(%%d@m%%‘hdﬁeﬁthe
light emtting device nmay not include the buffer |ayer 202 as

necessar FHPEI giftl&stt gnZ0>  appAlt houghtageew deenptiagy n-type
enbodi nents have been shown and described, it will be appreciated by
t hose skBEtﬂédOhdupherarltaYtematZO&afgiastlmaypb’eyn‘adeeinfncphdsetexerlply&ﬁy
enbodi ments without departing fromthe principles and spirit of the
i nventi oA06t hdegseopehef nativgle el edaftaued 204 t he appeodedct| ainh ahe
t heir equivalents. 10-2009-0088009 filed on Septenber 17,
2009_P&X2H09yPB8&emiconductor layer 203, and the p-type electrode
205 is 1in contact with the electric-current diffusion and
hole injection layer 207. After forming the electric-
current diffusion and hole injection layer 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 such 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 heole injection layer may be
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CLAIMS WHAT IS CLAIMED I'S: 1. A sem conductor light emtting device
conprising: a substrate;2009-0086809NFitl¥PErS €BHGAREHCIIQN 24 0BY 2 @iovh ¢
an el ectron when receiving vol tage; a p-type sem conduct or
| ayer giving a hole when receiving voltage; an active | ayer
provi ded between the n-type sem conductor |ayer and the p-type
sem conductor |ayer and conprising a quantumwell structure_to
facilitaPEC¥oUpFi AGTHEEREBALIRA &PeéffoR~4NBSaSRBLEONdUCtOr dayerype
el ectrode conprising conductivity for applying voltage to the n-type
sem conduct or AL&ger 2lternatg vigltwpetied eeenbelen@arip? T sl hghtosdddtilvict y
for applying voltage to the p-type sem conductor |ayer; and

device may not include the buffer layer 202 as necessary in

light of design.

Although a few exemplary embodiments 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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an electric-current diffusion and hole injection |ayer provided

bet ween the p-type senbemnductasoob ayiebq andséhempet ViPe Boechdnde-arrd
doped with n-type inpurities and p-type inpurities for diffusing an
el ectric current and injecting a hole between the p-type el ectrode
and the p-type sem conductor | ayer. 2. The sem conductor |ight
emtting device_according to claim1, wherein the electric-current
di ffusion andcﬁﬁnginjection | ayer transmts at |east a part of |ight
due to 10-2009-0088009 filed on Septenber 17, 2009 P&009- 0088
coupl i ng bet wsBATahSeCEBLMBER 4Hd a hol e. 3. The sem conduct or
light emtting device according to claim2, wherein the

el ectric-currént Adeehdspodughdrholighingeétiongl dggiceoppmbsesiag:
conmpound of ZnQ. 4. The sem conductor light emtting device
according to anyubnérate¢lains 1 to 3, wherein at | east one of the
n-type sem conductor layer and the p-type sem conductor |ayer

conpri ses a Gaf- hasgpeCcamawithductor 1HerThel wEmd conduttet rbhghten
emtting device according to claim4, wherein the electric-current

dlffu5|ogeg@gvmﬁbevbmtggglon | ayer is forned by a nol ecul ar beam
epi taxy (MBE) nefhod.

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 lavyer; 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.

2. The semiconductor light emitting device according
to claim 1, wherein the electric-current diffusion and hole

injection layer transmits at least a part of light due to
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6. The semn conduct or

light emtting device according to claim4,

further conprising a hoffcan-b@ssens batween thessubstinat zcangdcidoe-coss

n-type sem conductor |ayer. 7.
conprising: a substrate;

an el ectron when receiving vol tage;

| ayer giving_a hole when receiving voltage

A sem conduct or
an n-type sem conduct or

light emtting device
| ayer giving
a p-type sem conductor

an active | ayer

provi ded°BePheBH PREVRERYPR §éﬁ?€6ﬁ8ué@9rala9é? -and the p-type

sen conduct or

| ayer and conprising a quantum wel |

structure to

facilitate codpl iThg bedtweeendicePectlightaminig thgle;device according

10- 2009- 0088009 _fil ed on Sept enber

17, 2009_P&009- 0088 an

n-type etectteds onpheskny tbﬁdﬂéﬁbttiy-ﬁarrappl@ﬁﬁ@usébnagedtbOﬂbe

n-type sem conductor |ayer;

injection layer comprises a compound of ZnoO.

4. The semiconductor light emitting device according

to any cone of claims 1 to 3,

wherein at least cone of the n-

type semiconductor layer and the p-type semiconductor layer

comprises a GaN-based compound.

5. The semiconductor light emitting device according

to claim 4,

wherein the electric-current diffusion and hole

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

method.

6. The semiconductor light emitting device according

to claim 4,

further comprising a buffer layer between the

substrate and the n-type semiconductor layer.

7. A semiconductor light emitting device comprising:

a substrate;

an n-type semiconducter layer giving an electron when

receiving voltage;

a p-type semiconductor layver 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 gquantum well structure to facilitate coupling

between an electron and a hole;
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a p-type el ectrode conprising conductivity for applying voltage to
the p-type sem conductior2dm@yesgeoandriled on safke@beEtI7, C2asr P€NI09-0088
di ffusion and hole injection |ayer provided between the n-type

el ectrode and the n-type seni conductor |ayer and doped with n-type
inmpurities and p-type inpurities for diffusing an electric current

and injecting a hole between the n-type el ectrode and the n-type
seni conduct or apayé}jtype 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 n-type electrode and the n-type
semiconductor layer and doped with n-type impurities and p-
type dimpurities for diffusing an electric current and
injecting a hole between the n-type electrode and the n-

type semiconductor layer.
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