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QUANTUM DOT LIGHT - EMITTING DEVICE 

CROSS - REFERENCE TO RELATED 
APPLICATION 

ments may have different forms and should not be construed 
as being limited to the description set forth herein . Accord 
ingly , the embodiments are merely described below , by 
referring to the figures , to explain aspects of embodiments of 

5 the present description . As used herein , the term “ and / or ” 
includes any and all combinations of one or more of the 
associated listed items . Expressions such as “ at least one of . ” 
when preceding a list of elements , modify the entire list of 
elements and do not modify the individual elements of the 

This application claims priority to and the benefit of 
Korean Patent Application No . 10 - 2016 - 0032073 , filed on 
Mar . 17 , 2016 , in the Korean Intellectual Property Office , the 
entire content of which is incorporated herein by reference . 10 list . 

BACKGROUND According to an embodiment of the present disclosure , a 
light - emitting device includes : a first electrode ; a second 

1 . Field electrode opposite to ( e . g . , facing ) the first electrode ; an 
One or more embodiments of the present disclosure relate emission layer between the first electrode and the second to a quantum dot light - emitting device . 15 son laye Day 

electrode and including quantum dots ; and an inorganic 2 . Description of the Related Art layer between the emission layer and the second electrode A quantum dot light - emitting device is a light - emitting and including a metal halide . device including quantum dots as an emission layer thereof . In some embodiments , the metal halide may include an Quantum dots include nano crystals of semiconductor 
material that have a quantum confinement effect . By being 20 20 alkaline metal halide , an alkaline earth metal halide , a 
excited to an energy excitation state by light emitted from an transition metal halide , a post - transition metal halide , or any 
excitation source , quantum dots spontaneously emit energy combination thereof . As used herein , the terms " combination 
having a corresponding energy band gap . Quantum dots of thereof ” and “ combinations thereof may refer to a chemical 
the same material may emit light having different wave - combination ( e . g . , an alloy or chemical compound ) , a mix 
lengths depending on the size of the quantum dots . Accord - 25 ture , or a laminated structure of components . 
ingly , by adjusting the size of quantum dots , light having a For example , the metal halide may include a transition 
desired wavelength range may be obtained , and devices metal halide . 
having improved characteristics in color purity and lumi - In some embodiments , the metal halide may include a 
nance efficiency may be obtained . Therefore , quantum dots silver ( Ag ) halide , a cadmium ( Cd ) halide , a mercury ( Hg ) 
are applicable to various devices . halide , a manganese ( Mn ) halide , an iron ( Fe ) halide , a 

cobalt ( Co ) halide , a nickel ( Ni ) halide , a copper ( Cu ) halide , SUMMARY a zinc ( Zn ) halide , or any combination thereof . However , the 
present disclosure is not limited thereto . One or more embodiments of the present disclosure In some embodiments , the metal halide may be a transi include a quantum dot light - emitting device having long 35 tion metal fluoride . lifespan , high reliability and high reproducibility . 

Additional aspects will be set forth in part in the descrip For example , the metal halide may include an Ag fluoride , 
tion which follows and , in part , will be apparent from the a Cd fluoride , a Hg fluoride , a Mn fluoride , a Fe fluoride , a 
description , or may be learned by practice of the presented Co fluoride , a Ni fluoride , a Cu fluoride , a Zn fluoride , or any 
embodiments . 40 combination thereof . However , the present disclosure is not 
According to one or more embodiments , a light - emitting limited thereto . 

device includes : a first electrode ; a second electrode oppo In some other embodiments , the metal halide may include 
site to the first electrode ; an emission layer between the first AgF , AgF2 , CdF2 , HgF2 , MnF2 , FeF2 , CoF2 , NiF2 , CuF , 
electrode and the second electrode , the emission layer CuF2 , ZnF2 , or any combination thereof . However , the 
including quantum dots ; and an inorganic layer between the 45 present disclosure is not limited thereto . 
emission layer and the second electrode , the inorganic layer For example , the metal halide may include FeF ) . How 
including a metal halide . ever , the present disclosure is not limited thereto . 

In some embodiments , the metal halide may consist of 
BRIEF DESCRIPTION OF THE DRAWINGS AgF , AgF2 , CdF2 , HgF2 , MnF2 , FeF2 , CoF2 , NiF2 , CuF , 

50 CuF2 , ZnF2 , or any combination thereof . However , the 
These and / or other aspects will become apparent and present disclosure is not limited thereto . 

more readily appreciated from the following description of For example , the metal halide may consist of FeF . 
embodiments , taken in conjunction with the accompanying I n some other embodiments , the inorganic layer may 
drawings in which : further include a trivalent metal ion . 

FIG . 1 is a schematic cross - sectional view of a light - 55 For example , the inorganic layer may further include at 
emitting device according to an embodiment of the present least one metal ion selected from A13 + , Ga3 + , and In3 + . 
disclosure ; and However , the present disclosure is not limited thereto . 

FIG . 2 is a schematic cross - sectional view of a light In some other embodiments , the trivalent metal ion may 
emitting device according to another embodiment of the be doped with a metal halide as listed above . However , the 
present disclosure . 60 present disclosure is not limited thereto . 

In some embodiments , the metal halide may have an 
DETAILED DESCRIPTION energy band gap of about 3 . 1 eV to about 4 . 6 eV . For 

example , the metal halide may have an energy band gap of 
Reference will now be made in more detail to embodi about 3 . 2 eV to about 3 . 8 eV . However , the present disclo 

ments , examples of which are illustrated in the accompany - 65 sure is not limited thereto . 
ing drawings , wherein like reference numerals refer to like In some other embodiments , the metal halide may have a 
elements throughout . In this regard , the present embodi - melting point of about 700° C . to about 1400° C . For 
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example , the metal halide may have a melting point of about halide is appropriate or suitable for the emission layer 
800° C . to 1200° C . However , the present disclosure is not including quantum dots and the melting point thereof is also 
limited thereto . low to facilitate thermal deposition . Accordingly , it may be 

In some embodiments , the inorganic layer may directly easier to ensure reliability and reproducibility of devices 
contact ( physically contact ) the emission layer . 5 according to embodiments of the present disclosure , as 

For example , the inorganic layer may have a thickness of compared to a light - emitting device including an inorganic 
about 200 Å to about 1000 Å , and in some embodiments , layer using another material ( e . g . , Zno ) . 
about 300 Å to about 500 A . However , the present disclosure When the metal halide is doped with a trivalent metal ion , 
is not limited thereto . the energy level of the metal halide may be adjusted to be 

In some other embodiments , the quantum dots may have 10 appropriate or suitable for the emission layer including 
a core - shell structure including a core including a first quantum dots , so that a light - emitting device having a long 
semiconductor crystal and a shell including a second semi lifespan , high reliability , and high reproducibility may be 
conductor crystal . In some embodiments , the first semicon provided . 
ductor crystal and the second semiconductor crystal may be Description of FIG . 1 
different from one another . FIG . 1 is a schematic cross - sectional view of a light 

For example , a first semiconductor of the first semicon - 15 emitting device 20 according to an exemplary embodiment 
ductor crystal and a second conductor of the second semi - of the present disclosure . The light - emitting device 20 may 
conductor crystal may each independently include a com - include a first electrode 21 , a hole transport region 22 , an 
pound including a Group 12 element and a Group 16 emission layer 23 including quantum dots 25 , an electron 
element , a compound including a Group 13 element and a transport region 26 , and a second electrode 27 . 
Group 15 element , a compound including a Group 14 20 For example , the first electrode 21 of the light - emitting 
element and a Group 16 element , or any combination device 20 of FIG . 1 may be an anode , and the second 
thereof . electrode 27 may be a cathode . 

For example , the first semiconductor and the second Description of FIG . 2 
semiconductor may each independently include Cds , CdSe , FIG . 2 is a schematic cross - sectional view of a light 
CdTe , ZnS , ZnSe , ZnTe , HgS , HgSe , HgTe , CdSTe , GaP , 25 emitting device 30 according to an exemplary embodiment 
GaAs , GaSb , InP , InAs , InSb , PbS , PbSe , Pb Te , or any of the present disclosure . The light - emitting device 30 may 
combination thereof . However , the present disclosure is not include a first electrode 21 , an electron transport region 26 , 
limited thereto . an emission layer 23 including quantum dots 25 , a hole 

For example , the first semiconductor may include CdSe , transport region 22 , and a second electrode 27 . 
CdTe , ZnSe , InPInAs , PbS , PbSe , PbTe , or any combination For example , the first electrode 21 of the light - emitting 
thereof . The second semiconductor may include ZnSe , ZnS , 30 device 30 of FIG . 2 may be a cathode , and the second 
CdS , HgS , GaAs , or any combination thereof . However , the electrode 27 may be an anode . 
present disclosure is not limited thereto . Hereinafter , structures of the light - emitting devices 20 

In some embodiments , the second semiconductor may and 30 according to embodiments of the disclosure and a 
have an energy band gap that is equal to or larger than the method of manufacturing the same will now be described 
energy band gap of the first semiconductor . However , the 35 with reference to FIGS . 1 and 2 . 
present disclosure is not limited thereto . First Electrode 21 

For example , the light - emitting device may further substrate may be further disposed under the first elec 
include a substrate under the first electrode . The first elec t rode 21 or on the second electrode 27 . The substrate may be 
trode may be an anode , and the second electrode may be a a glass substrate or a transparent plastic substrate having 
cathode . A hole transport region may be between the first 40 strong mechanical strength , thermal stability , transparency , 
electrode and the emission layer , and an electron transport surface smoothness , ease of handling , and water resistance . 
region may be between the second electrode and the emis - The first electrode 21 may be formed by depositing or 
sion layer . The inorganic layer may be in the electron sputtering a first electrode - forming material on the substrate . 
transport region . When the first electrode 21 is an anode , a material having a 

For example , the light - emitting device may further high work function may be selected as a material of the first 
include a substrate under the first electrode . The first elec - 43 electrode 21 to facilitate hole injection . When the first 
trode may be a cathode , and the second electrode may be an electrode 21 is a cathode , a material of the first electrode 21 
anode . An electron transport region may be between the first may be a metal having a low work function , an alloy , an 
electrode and the emission layer , and a hole transport region electrically conductive compound , or any combination 
may be between the second electrode and the emission layer . thereof . 
The inorganic layer may be in the electron transport region . 50 The first electrode 21 may be a reflective electrode , a 

In some embodiments , the hole transport region may semi - transmissive electrode , or a transmissive electrode . To 
include at least one layer selected from a hole injection layer , form a transmissive electrode as the first electrode 21 , a 
a hole transport layer , an emission auxiliary layer , and material of the first electrode 21 may be selected from 
electron blocking layer . However , the present disclosure is indium tin oxide ( ITO ) , indium zinc oxide ( IZO ) , tin oxide 
not limited thereto . 55 ( Sno , ) , zinc oxide ( ZnO ) , zinc tin oxide ( ZTO ) , copper 
When the inorganic layer is formed using another material indium oxide ( CIO ) , copper zinc oxide ( CZO ) , gallium zinc 

such as ZnO by a solution process ( e . g . , spin coating , inkjet oxide ( GZO ) , aluminum zinc oxide ( AZO ) , and any com 
printing , or the like ) , the inorganic layer may undergo binations thereof . However , the present disclosure is not 
stability degradation over time , leading to reduced device limited thereto . In some other embodiments , to form a 
reproducibility in manufacturing processes . In addition , semi - transmissive electrode or reflective electrode as the 
oxygen outgassing caused from the thermal decomposition ou first electrode 21 , a material of the first electrode 21 may be 
of ZnO may lower a level of vacuum ( e . g . , of a level of selected from magnesium ( Mg ) , lithium ( Li ) , silver ( Ag ) , 
vacuum of a process chamber for manufacturing the device ) aluminum ( Al ) , aluminum - lithium ( Al - Li ) , calcium ( Ca ) , 
and hinder deposition . magnesium - indium ( Mg - In ) , magnesium - silver ( Mg 

However , in the light - emitting device according to any of Ag ) , ytterbium ( Yb ) , and any combinations thereof . How 
the embodiments of the present disclosure , the emission 65 ever , the present disclosure is not limited thereto . In some 
layer may include quantum dots and the inorganic layer may other embodiments , a material of the first electrode 21 may 
include a metal halide , wherein the energy level of the metal include graphene , carbon nanotube , or a conductive polymer 
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such as poly ( 3 , 4 - ethylenedioxythiophene ) / poly ( 4 - styrene 
sulfonate ) ( PEDOT / PSS ) . However , the present disclosure is 
not limited thereto . 

The first electrode 21 may have a single - layer structure or 
a multi - layer structure including a plurality of layers . For 5 
example , the first electrode 21 may have , but is not limited 
to , a three - layered structure including ITO , Ag , and ITO 
layers . However , the present disclosure is not limited 
thereto . 
Hole Transport Region 22 

The hole transport region 22 may have i ) a single - layer 
structure including a single layer including a single material , 
ii ) a single - layer structure including a single layer including 
a plurality of different materials , or iii ) a multi - layer struc - 15 
ture including a plurality of layers including different mate 
rials . 

The hole transport region 22 may include at least one 
layer selected from a hole injection layer , a hole transport 
layer , an emission auxiliary layer , and an electron blocking 20 
layer . 

For example , the hole transport region 22 may have a 
single - layer structure including a single layer including a 
plurality of different materials , or a multi - layer structure in 
which the following layers are sequentially stacked upon 25 
one another , e . g . , hole injection layer / hole transport layer , 
hole injection layer / hole transport layer / emission auxiliary 
layer , hole injection layer / emission auxiliary layer , hole 
transport layer / emission auxiliary layer , or hole injection 
layer / hole transport layer / electron blocking layer . However , 30 
the present disclosure is not limited thereto . 

The hole transport region 22 may include at least one 
selected from m - MTDATA , TDATA , 2 - TNATA , NPB 
( NPD ) , P - NPB , TPD , Spiro - TPD , Spiro - NPB , methylated , 
NPB , TAPC , HMTPD , 4 , 4 , 4 " - tris ( N - carbazolyl ) triph 
enylamine ( TCTA ) , polyaniline / dodecylbenzene sulfonic 
acid ( Pani / DBSA ) , poly ( 3 , 4 - ethylenedioxythiophene ) / poly 
( 4 - styrenesulfonate ) ( PEDOT / PSS ) , polyaniline / camphor 
sulfonic acid ( Pani / CSA ) , polyaniline / poly ( 4 - styrene sul - 40 
fonate ) ( PANI / PSS ) , a compound represented by Formula 
201 , and a compound represented by Formula 202 . 

TDATA 

35 D ' acco 
45 

50 
2 - TNATA 

55 pada 
m - MTDATA NPB 
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? ? 10 

? - NPE 

15 TAPC 

20 

? ? TPD 

25 

HMTPD 
Formula 201 

( L202 ) + 2 - R202 30 

R?? ? ( L20 ) salN 
( L203 ) ? d3R203 

Formula 202 ? R20i 
35 

( L201 ) zal 
N ( 205 ) , 

~ ( 202 ) 2 

( L203 ) + 23 R203 
~ N 

( L204 ) , 4 — R204 R202 
Spiro - TPD 

? 
Spiro - NPB 

An In Formulae 201 and 202 , 
L201 to L204 may be each independently selected from a 

substituted or unsubstituted C3 - C10 cycloalkylene group , a 
substituted or unsubstituted C - C10 heterocycloalkylene 
group , a substituted or unsubstituted C3 - C1o cycloalk 

45 enylene group , a substituted or unsubstituted C , - Co hetero 
cycloalkenylene group , a substituted or unsubstituted 
Co - C60 arylene group , a substituted or unsubstituted C1 - C60 
heteroarylene group , a substituted or unsubstituted divalent 
non - aromatic condensed polycyclic group , and a substituted 

50 or unsubstituted divalent non - aromatic condensed heteropo 
lycyclic group ; 

L , may be selected from _ 0 , S + , * _ N 
( Q ) - 1 , a substituted or unsubstituted C , - C alkylene 
group , a substituted or unsubstituted C , - C20 alkenylene 
group , a substituted or unsubstituted C3 - C10 cycloalkylene 
group , a substituted or unsubstituted C , - Co heterocy 
cloalkylene group , a substituted or unsubstituted C3 - C10 
cycloalkenylene group , a substituted or unsubstituted 
C , - C , heterocycloakenylene group , a substituted or unsub 
stituted Co - C60 arylene group , a substituted or unsubstituted 
CZ - C6 heteroarylene group , a substituted or unsubstituted 
divalent non - aromatic condensed polycyclic group , and a 
substituted or unsubstituted divalent non - aromatic con 

65 densed heteropolycyclic group ; 
xal to xa4 may be each independently an integer selected 

from 0 to 3 ; 
methylated NPB 
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xa5 may be an integer selected from 1 to 10 ; and thyl group , a fluorenyl group , a spiro - bifluorenyl group , a 
R201 to R204 and Q201 may be each independently selected benzofluorenyl group , a dibenzofluorenyl group , a phenale 

from a substituted or unsubstituted C3 - C10 cycloalkyl group , nyl group , a phenanthrenyl group , an anthracenyl group , a 
a substituted or unsubstituted C1 - C10 heterocycloalkyl fluoranthenyl group , a triphenylenyl group , a pyrenyl group , 
group , a substituted or unsubstituted Cz - C1o cycloalkenyl 5 a chrysenyl group , a naphthacenyl group , a picenyl group , a 
group , a substituted or unsubstituted C . - C , heterocycloalk - perylenyl group , a pentaphenyl group , a hexacenyl group , a 
enyl group , a substituted or unsubstituted Co - C60 aryl group , pentacenyl group , a rubicenyl group , a coronenyl group , an 
a substituted or unsubstituted Co - C60 aryloxy group , a sub ovalenyl group , a thiophenyl group , a furanyl group , a 
stituted or unsubstituted C . - C . arylthio group , a substituted carbazolyl group , an indolyl group , an isoindolyl group , a 
or unsubstituted C - C . 0 heteroaryl group , a substituted or 10 benzofuranyl group , a benzothiophenyl group , a dibenzo 
unsubstituted monovalent non - aromatic condensed polycy - furanyl group , a dibenzothiophenyl group , a benzocarba 
clic group , and a substituted or unsubstituted monovalent zolyl group , a dibenzocarbazolyl group , a dibenzosilolyl 
non - aromatic condensed heteropolycyclic group . group , a pyridinyl group , Si ( Q31 ) ( Q32 ) ( Q33 ) , and 

For example , in Formula 202 , optionally , R201 and R202 — N ( Q31 ) ( Q32 ) , 
may be linked to each other via a single bond , a dimethyl - 15 wherein Q31 to Q33 may be each independently selected 
methylene group , or a diphenyl - methylene group . Option from a C , - C10 alkyl group , a C - C10 alkoxy group , a phenyl 
ally , R203 and R204 may be linked to each other via a single group , a biphenyl group , a terphenyl group and a naphthyl 
bond , a dimethyl - methylene group , or a diphenyl - methylene group . 
group . In some other embodiments , xal to xa4 may be each 

In some embodiments , in Formulae 201 and 202 , 20 independently 0 , 1 or 2 . 
L201 to L205 may be each independently selected from : In some other embodiments , xa5 may be 1 , 2 , 3 , or 4 . 
a phenylene group , a pentalenylene group , an indenylene In some other embodiments , R201 to R204 and Q20 , may be 

group , a naphthylene group , an azulenylene group , a hep - each independently selected from a phenyl group , a biphenyl 
talenylene group , an indacenylene group , an acenaphthylene group , a terphenyl group , a pentalenyl group , an indenyl 
group , a fluorenylene group , a spiro - bifluorenylene group , a 25 group , a naphthyl group , an azulenyl group , a heptalenyl 
benzofluorenylene group , a dibenzofluorenylene group , a group , an indacenyl group , an acenaphthyl group , a fluore 
phenalenylene group , a phenanthrenylene group , an anthra - nyl group , a spiro - bifluorenyl group , a benzofluorenyl 
cenylene group , a fluoranthenylene group , a triphenyle - group , a dibenzofluorenyl group , a phenalenyl group , a 
nylene group , a pyrenylene group , a chrysenylene group , a phenanthrenyl group , an anthracenyl group , a fluoranthenyl 
naphthacenylene group , a picenylene group , a perylenylene 30 group , a triphenylenyl group , a pyrenyl group , a chrysenyl 
group , a pentaphenylene group , a hexacenylene group , a group , a naphthacenyl group , a picenyl group , a perylenyl 
pentacenylene group , a rubicenylene group , a coronenylene group , a pentaphenyl group , a hexacenyl group , a pentacenyl 
group , an ovalenylene group , a thiophenylene group , a group , a rubicenyl group , a coronenyl group , an ovalenyl 
furanylene group , a carbazolylene group , an indolylene group , a thiophenyl group , a furanyl group , a carbazolyl 
group , an isoindolylene group , a benzofuranylene group , a 35 group , an indolyl group , an isoindolyl group , a benzofuranyl 
benzothiophenylene group , a dibenzofuranylene group , a group , a benzothiophenyl group , a dibenzofuranyl group , a 
dibenzothiophenylene group , a benzocarbazolylene group , a dibenzothiophenyl group , a benzocarbazolyl group , a diben 
dibenzocarbazolylene group , a dibenzosilolylene group , and zocarbazolyl group , a dibenzosilolyl group and a pyridinyl 
a pyridinylene group , and group , and 

a phenylene group , a pentalenylene group , an indenylene 40 a phenyl group , a biphenyl group , a terphenyl group , a 
group , a naphthylene group , an azulenylene group , a hep - pentalenyl group , an indenyl group , a naphthyl group , an 
talenylene group , an indacenylene group , an acenaphthylene azulenyl group , a heptalenyl group , an indacenyl group , an 
group , a fluorenylene group , a spiro - bifluorenylene group , a acenaphthyl group , a fluorenyl group , a spiro - bifluorenyl 
benzofluorenylene group , a dibenzofluorenylene group , a group , a benzofluorenyl group , a dibenzofluorenyl group , a 
phenalenylene group , a phenanthrenylene group , an anthra - 45 phenalenyl group , a phenanthrenyl group , an anthracenyl 
cenylene group , a fluoranthenylene group , a triphenyle group , a fluoranthenyl group , a triphenylenyl group , a pyre 
nylene group , a pyrenylene group , a chrysenylene group , a nyl group , a chrysenyl group , a naphthacenyl group , a 
naphthacenylene group , a picenylene group , a perylenylene picenyl group , a perylenyl group , a pentaphenyl group , a 
group , a pentaphenylene group , a hexacenylene group , a hexacenyl group , a pentacenyl group , a rubicenyl group , a 
pentacenylene group , a rubicenylene group , a coronenylene 50 coronenyl group , an ovalenyl group , a thiophenyl group , a 
group , an ovalenylene group , a thiophenylene group , a furanyl group , a carbazolyl group , an indolyl group , an 
furanylene group , a carbazolylene group , an indolylene isoindolyl group , a benzofuranyl group , a benzothiophenyl 
group , an isoindolylene group , a benzofuranylene group , a group , a dibenzofuranyl group , a dibenzothiophenyl group , 
benzothiophenylene group , a dibenzofuranylene group , a a benzocarbazolyl group , a dibenzocarbazolyl group , a 
dibenzothiophenylene group , a benzocarbazolylene group , a 55 dibenzosilolyl group , and a pyridinyl group , each substituted 
dibenzocarbazolylene group , a dibenzosilolylene group , and with at least one selected from deuterium , F , Cl , Br , 
a pyridinylene group , each substituted with at least one - I , a hydroxyl group , a cyano group , a nitro group , an 
selected from deuterium , F , Cl , Br , - I , a hydroxyl amidino group , a hydrazino group , a hydrazono group , a 
group , a cyano group , a nitro group , an amidino group , a C1 - C20 alkyl group , a C1 - C20 alkoxy group , a cyclopentyl 
hydrazino group , a hydrazono group , a C - C20 alkyl group , 60 group , a cyclohexyl group , a cycloheptyl group , a cyclo 
a C , - C20 alkoxy group , a cyclopentyl group , a cyclohexyl pentenyl group , a cyclohexenyl group , a phenyl group , a 
group , a cycloheptyl group , a cyclopentenyl group , a cyclo - biphenyl group , a terphenyl group , a phenyl group substi 
hexenyl group , a phenyl group , a biphenyl group , a terphe - tuted with a C . - C . alkyl group , a phenyl group substituted 
nyl group , a phenyl group substituted with a C , C10 alkyl with — F , a pentalenyl group , an indenyl group , a naphthyl 
group , a phenyl group substituted with — F , a pentalenyl 65 group , an azulenyl group , a heptalenyl group , an indacenyl 
group , an indenyl group , a naphthyl group , an azulenyl group , an acenaphthyl group , a fluorenyl group , a spiro 
group , a heptalenyl group , an indacenyl group , an acenaph - bifluorenyl group , a benzofluorenyl group , a dibenzofluore 
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nyl group , a phenalenyl group , a phenanthrenyl group , an transport region 22 , the hole injection layer , and the hole 
anthracenyl group , a fluoranthenyl group , a triphenylenyl transport layer are within these ranges , satisfactory or suit 
group , a pyrenyl group , a chrysenyl group , a naphthacenyl able hole transport characteristics may be obtained without 
group , a picenyl group , a perylenyl group , a pentaphenyl a substantial increase in driving voltage . 
group , a hexacenyl group , a pentacenyl group , a rubicenyl 5 1 The emission auxiliary layer may compensate for an group , a coronenyl group , an ovalenyl group , a thiophenyl optical resonance distance of light according to a wave group , a furanyl group , a carbazolyl group , an indolyl group , 
an isoindolyl group , a benzofuranyl group , a benzothiophe length of the light emitted from the emission layer and thus 
nyl group , a dibenzofuranyl group , a dibenzothiophenyl may improve light - emission eliciency . The electron block 
group , a benzocarbazolyl group , a dibenzocarbazolyl group , 10 ing layer may prevent or reduce electron injection from the 
a dibenzosilolyl group , a pyridinyl group , — Si ( Q31 ) ( Q32 ) electron transport region . The emission auxiliary layer and 
( Q33 ) , and — N ( Q31 ) ( Q32 ) , the electron blocking layer may include materials of the hole 

wherein Q31 to Q33 may be defined as described above . transport region 22 as described above . 
In some other embodiments , in Formula 201 , at least one p - Dopant 

of R201 to R203 may be each independently selected from : 15 
a fluorenyl group , a spiro - bifluorenyl group , a carbazolyl The hole transport region 22 may further include a 

group , a dibenzofuranyl group , and a dibenzothiophenyl charge - generating material to improve conductivity , in addi 
group , and tion to the above - described materials . The charge - generating 

a fluorenyl group , a spiro - bifluorenyl group , a carbazolvl material may be homogeneously or non - homogeneously 
group , a dibenzofuranyl group and a dibenzothiophenyl 20 ( e . g . , heterogeneously ) dispersed in the hole transport region 
group , each substituted with at least one selected from 
deuterium , F , Cl , Br , — 1 , a hydroxyl group , a cyano The charge - generating material may be , for example , a 
group , a nitro group , an amidino group , a hydrazino group , p - dopant . 
a hydrazono group , a C1 - C20 alkyl group , a C1 - C20 alkoxy In some embodiments , the p - dopant may have a lowest group , a cyclopentyl group , a cyclohexyl group , a cyclo - 25 
heptyl group , a cyclopentenyl group , a cyclohexenyl group , unoccupied molecular orbital ( LUMO ) energy level of about 
a phenyl group , a biphenyl group , a terphenyl group , a - 3 . 5 eV or less . 
phenyl group substituted with a C , - C , alkyl group , a phenyl The p - dopant may include at least one selected from 
group substituted with — F , a naphthyl group , a fluorenyl quinine derivatives , metal oxides , and cyano group - contain 
group , a spiro - bifluorenyl group , a carbazolyl group , a 30 ing compounds . However , the present disclosure is not 
dibenzofuranyl group , and a dibenzothiophenyl group . limited thereto . 
However , the present disclosure is not limited thereto . For example , the p - dopant may include at least one In some other embodiments , in Formula 202 , i ) Ry , and selected from quinone derivatives such as tetracyanoqui R202 may be linked to each other via a single bond , and / or nonedimethane ( TCNQ ) , 2 , 3 , 5 , 6 - tetrafluoro - 7 , 7 , 8 , 8 - tetra ii ) R203 and R204 may be linked to each other via a single 35 cyanoquinodimethane ( F4 - TCNQ ) , and / or the like ; metal bond . oxides such as tungsten oxide , molybdenum oxide , and / or In some other embodiments , in Formula 202 , at least one the like ; 1 , 4 , 5 , 8 , 9 , 11 - hexaazatriphenylene - hexacarbonitrile of R201 to R204 may be selected from : ( HAT - CN ) ; and a compound represented by Formula 221 . a carbazolyl group , and 

a carbazolyl group substituted with at least one selected 40 " However , the present disclosure is not limited thereto . 
from deuterium , — F , — C1 , — Br , — 1 , a hydroxyl group , a 
cyano group , a nitro group , an amidino group , a hydrazino 
group , a hydrazono group , a C1 - C20 alkyl group , a C1 - C20 
alkoxy group , a cyclopentyl group , a cyclohexyl group , a 
cycloheptyl group , a cyclopentenyl group , a cyclohexenyl 45 
group , a phenyl group , a biphenyl group , a terphenyl group , 
a phenyl group substituted with a C - C , alkyl group , a 
phenyl group substituted with — F , a naphthyl group , a 
fluorenyl group , a spiro - bifluorenyl group , a carbazolyl N CN group , a dibenzofuranyl group , and a dibenzothiophenyl 50 
group . However , the present disclosure is not limited 
thereto . 

The hole transport region 22 may include metal oxide CN nanoparticles . The metal oxide nanoparticles may include at 
least one selected from Nio , M003 , Cr2O3 , Bi2O3 , a p - type 55 HAT - CN 
ZnO , and a p - type GaN . 

The hole transport region 22 may have a thickness of 
about 100 Å to about 10000 Å , for example , about 100 Å to 
about 1000 Å . The hole transport region 22 may include at 
least one selected from a hole injection layer and a hole 60 
transport layer . When the hole transport region 22 includes 
at least one selected from a hole injection layer and a hole 
transport layer , the hole injection layer may have a thickness 
of about 100 Å to about 9000 A , for example , about 100 Å F F to about 1000 Å , and the hole transport layer may have a 65 
thickness of about 50 Å to about 2000 Å , for example , about F4 - TCNQ 
100 Å to about 1500 Å . When the thicknesses of the hole 

CN 

CN 

CN 
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- continued Electron Transport Region 26 
The electron transport region 26 may include an inorganic 

R221 CN layer . For example , the inorganic layer may directly contact 
the emission layer 23 . The inorganic layer may include a 

5 metal halide . The inorganic layer and the metal halide are 
CN . A R222 described above , and a further detailed description thereof 

will not be provided here . 
In some embodiments , the electron transport region 26 

may have i ) a single - layer structure including a single layer 
including a single material , ii ) a single - layer structure 

In Formula 221 , including a single layer including a plurality of different 
R221 to R223 may be each independently selected from a materials , or iii ) a multi - layer structure including a plurality 

substituted or unsubstituted C3 - C10 cycloalkyl group , a sub of layers including different materials 
stituted or unsubstituted C - C10 heterocycloalkyl group , a 15 The electron transport region 26 may include at least one 
substituted or unsubstituted C3 - C10 cycloalkenyl group , a layer selected from a buffer layer , a hole blocking layer , an 
substituted or unsubstituted C , - C , heterocycloalkenyl electron control layer , an electron transport layer , and an 
group , a substituted or unsubstituted C . - C aryl group , a electron injection layer . However , the present disclosure is 
substituted or unsubstituted C , - C60 heteroaryl group , a sub not limited thereto . 
stituted or unsubstituted monovalent non - aromatic con - 2 For example , the electron transport region 26 may have a 
densed polycyclic group , and a substituted or unsubstituted structure of electron transport layer / electron injection layer , 
monovalent non - aromatic condensed heteropolycyclic a structure of hole blocking layer / electron transport layer / 
group , wherein at least one of R221 to R223 may have at least electron injection layer , a structure of electron control layer / 

electron transport layer / electron injection layer , or a struc one substituent selected from a cyano group , — F , C1 , sture of buffer layer / electron transport layer / electron - Br , I , a C ; - C20 alkyl group substituted with — F , a 25 injection layer , wherein the layers of each structure are C - C20 alkyl group substituted with Cl , a C , - C20 alkyl sequentially stacked from the emission layer 23 in the stated group substituted with — Br , and a C , - C20 alkyl group order . However , the present disclosure is not limited thereto . 
substituted with — I . The electron transport region 26 ( for example , the buffer Emission Layer 23 2 layer , the hole blocking layer , the electron control layer , or 

The emission layer 23 may include quantum dots 25 . The » the electron transport layer in the emission transport region 
quantum dots 25 , as a spherical ( e . g . , substantially spherical ) 26 ) may include a metal - free compound having at least one 
semiconductor nanomaterial having a size of about several o electron - depleted nitrogen - containing ring . 
nanometers ( nm ) to several hundred nanometers , may The “ t electron - depleted nitrogen - containing ring , ” as a 
include a core including a material having a small band gap , 25 ring - forming moiety , may refer to a C2 - C60 heterocyclic 
and a shell surrounding the core . group having at least one * _ N = * * moiety . 

The quantum dots 25 may have a core - shell structure For example , the “ i electron - depleted nitrogen - contain 
including a core including a first semiconductor crystal and ing ring ” may include i ) a 5 - membered to 7 - membered 
a shell including a second semiconductor crystal . The first heteromonocyclic group having at least one * — N = * ' moi 
semiconductor and the second semiconductor are described an ety , ii ) a heteropolycyclic group including at least two 
above , and thus , further detailed description thereof will not 5 - membered to 7 - membered heteromonocyclic groups hav 
be provided here . ing at least one * _ N = * ' moiety that are condensed to one 

Quantum dots are dispersed in coordinated form in a another ( e . g . , fused together ) , or iii ) a heteropolycyclic 
dispersion medium such as an organic solvent or polymer group including at least one 5 - membered to 7 - membered 
resin . The dispersion medium may be any suitable transpar - 45 heteromonocyclic group having at least one * _ N = * * moiety 
ent medium that does not substantially affect the wavelength and at least one C5 - C60 carbocyclic group that are condensed 

to one another ( e . g . , fused together ) . conversion ability of quantum dots and does not substan 
tially reflect or absorb light . For example , the organic Examples of the t electron - depleted nitrogen - containing 
solvent may be at least one selected from toluene , chloro ring include an imidazole , a pyrazole , a thiazole , an isothi 
form , and ethanol . The polymer resin may include at least 50 azo so azole , an oxazole , an isoxazole , a pyridine , a pyrazine , a 
one selected from epoxy , silicone , polyethylene , polysty pyrimidine , a pyridazine , an indazole , a purine , a quinoline , 
rene , and acrylate . an isoquinoline , a benzoquinoline , a phthalazine , a naphthy 

Due to a quantum confinement effect , quantum dots may ridine , a quinoxaline , a quinazoline , a cinnoline , a phenan 
have discontinuous band gap energy , unlike a bulk state thridine , an acridine , a phenanthroline , a phenazine , a ben 
material . Quantum dots may have an energy band gap that 55 zimidazole , an isobenzothiazole , a benzoxazole , an 

isobenzoxazole , a triazole , a tetrazole , an oxadiazole , a may vary depending on the size of quantum dots . Quantum 
dots of the same material but having different sizes may emit triazine , a thiadiazole , an imidazopyridine , an imidazopy 

rimidine , and an azacarbazole . However , the present disclo light having different wavelengths . The smaller the size of a 
quantum dot , the higher the band gap energy and the shorter sure is not limited thereto . 
the wavelength of light emitted from the quantum dot . Based 60 For example , the electron transport region 26 may include 
on these characteristics of quantum dots , the condition for a compound represented by Formula 601 . 
growing quantum dots into nanocrystals may be appropri 
ately or suitably varied to obtain light having a desired [ Ar601xe11 - [ ( L601 ) xel - R601 ] xe21 Formula 601 
wavelength range . Thus , by introducing such a quantum dot In Formula 601 , 
into a light - emitting device , it is possible to implement a 65 Ar601 may be a substituted or unsubstituted C5 - C60 car 
light - emitting device having high luminance efficiency and bocyclic group , or a substituted or unsubstituted C . - C . 60 
color purity . heterocyclic group ; 
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xell may be 1 , 2 , or 3 ; group , a pyrazine group , a pyrimidine group , a pyridazine 
L601 may be selected from a substituted or unsubstituted group , an indazole group , a purine group , a quinoline group , 

C2 - C1 , cycloalkylene group , a substituted or unsubstituted an isoquinoline group , a benzoquinoline group , a phthala 
C , - C10 heterocycloalkylene group , a substituted or unsub - zine group , naphthyridine group , a quinoxaline group , a 
stituted Cz - C1o cycloalkenylene group , a substituted or 5 quinazoline group , a cinnoline group , a phenanthridine 
unsubstituted C , - C1o heterocycloalkenylene group , a substi group , an acridine group , a phenanthroline group , a 
tuted or unsubstituted C . - C . arylene group , a substituted or phenazine group , a benzimidazole group , an isobenzothiaz unsubstituted C , - C6 heteroarylene group , a substituted or ole group , a benzoxazole group , an isobenzoxazole group , a unsubstituted divalent non - aromatic condensed polycyclic triazole group , a tetrazole group , an oxadiazole group , a group , and a substituted or unsubstituted divalent non - 10 triazine group , a thiadiazole group , an imidazopyridine aromatic condensed heteropolycyclic group ; group , an imidazopyrimidine group , and an azacarbazole xel may be an integer selected from 0 to 5 ; 

R601 may be selected from a substituted or unsubstituted group , each substituted with at least one selected from 
Cz - C10 cycloalkyl group , a substituted or unsubstituted deuterium , - F , C1 , — Br , — 1 , a hydroxyl group , a cyano 
C . - C . , heterocycloalkyl group , a substituted or unsubsti - 15 group , a nitro group , an amidino group , a hydrazino group , 
tuted Cz - C10 cycloalkenyl group , a substituted or unsubsti a hydrazono group , a C1 - C20 alkyl group , a C1 - C20 alkoxy 
tuted C - C10 heterocycloalkenyl group , a substituted or group , a phenyl group , a biphenyl group , a terphenyl group , 
unsubstituted C . - C . aryl group , a substituted or unsubsti - a naphthyl group , — Si ( Q31 ) ( Q32 ) ( Q33 ) , - S ( = O ) , ( Q31 ) , 
tuted C . - C . aryloxy group , a substituted or unsubstituted and — P ( O ) ( Q31 ) ( Q32 ) ; and 
Co - Coo arylthio group , a substituted or unsubstituted C , - C60 20 231 to Q33 may be each independently selected from a 
heteroaryl group , a substituted or unsubstituted monovalent C - C10 alkyl group , a C1 - C10 alkoxy group , a phenyl group , 
non - aromatic condensed polycyclic group , a substituted or a biphenyl group , a terphenyl group , and a naphthyl group . 
unsubstituted monovalent non - aromatic condensed het . In Formula 601 , when xell is 2 or greater , the at least two 
eropolycyclic group , Si ( Q601 ) ( 602 ) ( Q603 ) , _ CEO ) Ar601 ( s ) may be linked to one another via a single bond . 
( 2601 ) , - S ( = O ) 2 ( Q601 ) , and — P ( = O ) ( Qc01 ) ( Q602 ) ; 25 In some other embodiments , in Formula 601 , Ar601 may 

Q601 to loo3 may be each independently a C1 - C10 alkyl be an anthracene group . 
group , a C1 - C10 alkoxy group , a phenyl group , a biphenyl The buffer layer , the hole blocking layer , and / or the 
group , a terphenyl group , or a naphthyl group ; and electron control layer may each independently have a thick 
xe21 may be an integer selected from 1 to 5 . ness of about 20 Å to about 1000 Å , for example , about 30 
In some embodiments , at least one of Ar601 ( s ) in the 30 A Å to about 300 Å . When the thicknesses of the buffer layer , number of xell and R601 ( s ) in the number of xe21 may the hole blocking layer , and / or the electron control layer are include such a n electron - depleted nitrogen - containing ring within these ranges , improved hole blocking characteristics as described above . 
In some embodiments , in Formula 601 , Ar601 as a ring or electron control characteristics may be obtained without 

sa substantial increase in driving voltage . may be selected from : 35 a 
a benzene group , a naphthalene group , a fluorene group , The electron transport layer 26 may have a thickness of 

a spiro - bifluorene group , a benzofluorene group , a dibenzo about 100 Å to about 1000 Å , for example , about 150 Å to 
fluorene group , a phenalene group , a phenanthrene group , an about 500 Å . When the thickness of the electron transport 
anthracene group , a fluoranthene group , a triphenylene layer 26 is within these ranges , satisfactory or suitable 
group , a pyrene group , a chrysene group , a naphthacene 40 electron transport characteristics may be obtained without a 
group , a picene group , a perylene group , a pentaphene substantial increase in driving voltage . 
group , an indenoanthracene group , a dibenzofuran group , a The electron transport region 26 ( for example , the elec 
dibenzothiophene group , a carbazole group , an imidazole tron transport layer of the electron transport region 26 ) may 
group , a pyrazole group , a thiazole group , an isothiazole further include a metal - containing material , in addition to 
group , an oxazole group , an isoxazole group , a pyridine 45 the above - described materials . 
group , a pyrazine group , a pyrimidine group , a pyridazine The metal - containing material may include at least one 
group , an indazole group , a purine group , a quinoline group , selected from an alkaline metal complex and an alkaline 
an isoquinoline group , a benzoquinoline group , a phthala earth metal complex . A metal ion of the alkaline metal 
zine group , a naphthyridine group , a quinoxaline group , a complex may be selected from a Li ion , a Na ion , a K ion , quinazoline group , a cinnoline group , a phenanthridine 50 an Rb ion , and a Cs ion . A metal ion of the alkaline earth group , an acridine group , a phenanthroline group , a metal complex may be selected from a Be ion , a Mg ion , a phenazine group , a benzimidazole group , an isobenzothiaz Ca ion , a Sr ion , and a Ba ion . Ligands respectively ole group , a benzoxazole group , an isobenzoxazole group , a coordinated to the metal ions of the alkaline metal complex triazole group , a tetrazole group , an oxadiazole group , a and the alkaline earth metal complex may be each indepen triazine group , a thiadiazole group , an imidazopyridine 55 
group , an imidazopyrimidine group and an azacarbazole dently selected from a hydroxyquinoline , a hydroxyisoqui 
group , and noline , a hydroxybenzoquinoline , a hydroxyacridine , a 

a benzene group , a naphthalene group , a fluorene group , hydroxyphenanthridine , a hydroxyphenyloxazole , a 
a spiro - bifluorene group , a benzofluorene group , a dibenzo hydroxyphenylthiazole , a hydroxydiphenyloxadiazole , a 
fluorene group , a phenalene group , a phenanthrene group , an 60 hydroxydiphenylthiadiazole , a hydroxyphenylpyridine , a 
anthracene group , a fluoranthene group , a triphenylene hydroxyphenylbenzimidazole , a hydroxyphenylbenzothiaz 
group , a pyrene group , a chrysene group , a naphthacene ole , a bipyridine , a phenanthroline , and a cyclopentadiene . 
group , a picene group , a perylene group , a pentaphene However , the present disclosure is not limited thereto . 
group , an indenoanthracene group , a dibenzofuran group , a For example , the metal - containing material may include a 
dibenzothiophene group , a carbazole group , an imidazole 65 Li complex . The Li complex may include , for example , 
group , a pyrazole group , a thiazole group , an isothiazole compound ET - D1 ( lithium quinolate , LiQ ) or compound 
group , an oxazole group , an isoxazole group , a pyridine ET - D2 . 
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to the metal ions of the alkaline metal complex , the alkaline 
earth metal complex , and the rare earth metal complex may 
be each independently selected from a hydroxyquinoline , a 
hydroxyisoquinoline , a hydroxybenzoquinoline , a hydroxy 
acridine , a hydroxyphenanthridine , a hydroxyphenylox 
azole , a hydroxyphenylthiazole , a hydroxydiphenyloxadiaz 
ole , a hydroxydiphenylthiadiazole , a 
hydroxyphenylpyridine , a hydroxyphenylbenzimidazole , a 
hydroxyphenylbenzothiazole , a bipyridine , a phenanthro 

10 line , and a cyclopentadiene . However , the present disclosure 
ET - D1 is not limited thereto . 

In some embodiments , the electron injection layer may 
ET - D2 include only such alkaline metals , alkaline earth metals , rare 

earth metals , alkaline metal compounds , alkaline earth metal 
The electron transport region 26 may include an electron 15 compounds , rare earth metal compounds , alkaline metal 

injection layer that may facilitate injection of electrons from complexes , alkaline earth metal complexes , rare earth metal 
the cathode . The electron injection layer may directly con complexes , or any combinations thereof as described above , 

or may further include such an organic material as listed tact the cathode . above in connection with the electron transport region 26 . The electron injection layer may have i ) a single - layer 20 When the electron injection layer further includes an organic structure including a single layer including a single material , material , the alkaline metal , alkaline earth metal , rare earth ii ) a single - layer structure including a single layer including metal , alkaline metal compound , alkaline earth metal com a plurality of different materials , or iii ) a multi - layer struc pound , rare earth metal compound , alkaline metal complex , 
ture including a plurality of layers including different mate alkaline earth metal complex , rare earth metal complex , or 
rials . 25 any combination thereof may be homogeneously or non 

The electron injection layer may include an alkaline homogeneously ( e . g . , heterogeneously ) dispersed in a 
metal , an alkaline earth metal , a rare earth metal , an alkaline matrix of the organic material . 
metal compound , an alkaline earth metal compound , a rare The electron injection layer may have a thickness of about 
earth metal compound , an alkaline metal complex , an alka - 1 Å to about 100 Å , for example , about 3 Å to about 90 Å . 
line earth metal complex , a rare earth metal complex , or any 30 When the thickness of the electron injection layer is within 
combination thereof . these ranges , satisfactory or suitable electron injection char 

The alkaline metal may be selected from Li , Na , K , Rb , acteristics may be obtained without a substantial increase in 
and Cs . In some embodiments , the alkaline metal may be Li , driving voltage . 
Na , or Cs . In some other embodiments , the alkaline metal Second Electrode 27 
may be Li or Cs . However , the present disclosure is not 35 When the second electrode 27 is a cathode serving as an 
limited thereto . electron injection electrode , a material of the second elec 

The alkaline earth metal may be selected from Mg , Ca , Sr , trode 27 may include a metal having a low work function , 
and Ba . an alloy , an electrically conductive compound , or any com 

The rare earth metal may be selected from Sc , Y , Ce , Tb , binations thereof . When the second electrode 27 is an anode , 
Yb , Gd , and Tb . 40 a material of the second electrode 27 to facilitate hole 

The alkaline metal compound , the alkaline earth metal injection may be selected from materials having a high work 
compound , and the rare earth metal compound may be function . 
selected from oxides and halides ( for example , fluorides , A material of the second electrode 27 may be selected 
chlorides , bromides , iodides , and the like ) of the alkaline from indium tin oxide ( ITO ) , indium zinc oxide ( IZO ) , tin 
metal , the alkaline earth metal , and the rare earth metal . 45 oxide ( Sno ) , zinc oxide ( Zno ) , zinc tin oxide ( ZTO ) , 

The alkaline metal compound may be selected from copper indium oxide ( CIO ) , copper zinc oxide ( CZO ) , 
alkaline metal oxides such as Li2O , Cs , O , K2O , and the like , gallium zinc oxide ( GZO ) , aluminum zinc oxide ( AZO ) , and 
and alkaline metal halides such as Lif , NaF , CsF , KF , Lil , any combinations thereof . However , the present disclosure 
Nal , CsI , KI , Rbl , and the like . In some embodiments , the is not limited thereto . In some other embodiments , to form 
alkaline metal compound may be selected from LiF , Li , O , 50 a semi - transmissive electrode or reflective electrode as the 
NaF , Lil , Nal , CsI , and KI . However , the present disclosure second electrode 27 , a material of the second electrode 27 
is not limited thereto . may be selected from lithium ( Li ) , magnesium ( Mg ) , silver 

The alkaline earth metal compound may be selected from ( Ag ) , aluminum ( Al ) , aluminum - lithium ( Al - Li ) , calcium 
alkaline earth metal compounds such as BaO , Sro , CaO , ( Ca ) , magnesium - indium ( Mg - In ) , magnesium - silver 
Ba Sr1 - 40 ( where 0 < x < 1 ) , Ba , Ca1 - 0 ( where 0 < x < 1 ) , and 55 ( Mg - Ag ) , ytterbium ( Yb ) , and any combinations thereof . 
the like . In some embodiments , the alkaline earth metal However , the present disclosure is not limited thereto . In 
compound may be selected from Bao , Sro , and CaO . some other embodiments , the second electrode 27 may 
However , the present disclosure is not limited thereto . include graphene , carbon nanotube , or a conductive polymer 

The rare earth metal compound may be selected from such as poly ( 3 , 4 - ethylenedioxythiophene ) / poly ( 4 - styrene 
YbF3 , ScF3 , SCO3 , Y203 , Ce2O3 , GdF3 , and TbF3 . In some 60 sulfonate ) ( PEDOT / PSS ) . However , the present disclosure is 
embodiments , the rare earth metal compound may be not limited thereto . 
selected from YbFz , ScFz , TbFz , Yblz , Sclz , and Tblz . The second electrode 27 may have a single - layer structure 
However , the present disclosure is not limited thereto . or a multi - layer structure including a plurality of layers . 

The alkaline metal complex , the alkaline earth metal General Definition of Substituents 
complex , and the rare earth metal complex may include ions 65 As used herein , the term " C - C20 alkyl group ” refers to a 
of the above - described alkaline metals , alkaline earth met - linear or branched aliphatic hydrocarbon monovalent group 
als , and rare earth metals . Ligands respectively coordinated having 1 to 20 carbon atoms . Non - limiting examples of the 
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C1 - C20 alkyl group include a methyl group , an ethyl group , eroaryl group includes at least two rings , the rings may be 
a propyl group , an isobutyl group , a sec - butyl group , a condensed to each other ( e . g . , fused together ) . 
tert - butyl group , a pentyl group , an iso - amyl group , and a As used herein , the term “ Co - Coo aryloxy group ” indicates 
hexyl group . As used herein , the term “ C1 - C20 alkylene OA102 ( where A102 is a Co - C60 aryl group as described 
group ” refers to a divalent group having substantially the 5 above ) , and a Co - C6 arylthio group indicates — SA103 
same structure as the C , - C20 alkyl group , except that the ( where A103 is a C6 - C60 aryl group as described above ) . 
C1 - C20 alkylene group is divalent instead of monovalent . As used herein , the term “ monovalent non - aromatic con 
As used herein , the term “ C , - C20 alkoxy group ” refers to densed polycyclic group ” refers to a monovalent group 

a monovalent group represented by OA101 ( where A101 is having at least two rings condensed to each other ( e . g . , fused 
a C , - C20 alkyl group as described above ) . Non - limiting 10 together ) , in which only carbon atoms ( for example , 8 to 60 
examples of the C , - C20 alkoxy group include a methoxy carbon atoms ) are exclusively included as ring - forming 
group , an ethoxy group , and an isopropyloxy group . atoms and the entire molecule has non - aromaticity ( e . g . , the 
As used herein , the term “ C2 - C10 cycloalkyl group ” refers entire monovalent non - aromatic condensed polycyclic 

to a monovalent , monocyclic saturated hydrocarbon group group is not aromatic ) . A non - limiting example of the 
having 3 to 10 carbon atoms . Non - limiting examples of the 15 monovalent non - aromatic condensed polycyclic group 
Cz - C10 cycloalkyl group include a cyclopropyl group , a includes a fluorenyl group . As used herein , the term “ diva 
cyclobutyl group , a cyclopentyl group , a cyclohexyl group , lent non - aromatic condensed polycyclic group ” refers to a 
and a cycloheptyl group . As used herein , the term “ C3 - C1o divalent group having substantially the same structure as the 
cycloalkylene group ” refers to a divalent group having monovalent non - aromatic condensed polycyclic group , 
substantially the same structure as the C3 - C10 cycloalkyl 20 except that the divalent non - aromatic condensed polycyclic 
group , except that the C3 - C10 cycloalkylene group is diva - group is divalent instead of monovalent . 
lent instead of monovalent . As used herein , the term " monovalent non - aromatic con 
As used herein , the term “ C , - C10 heterocycloalkyl group ” densed heteropolycyclic group ” refers to a monovalent 

refers to a monovalent monocyclic group having 1 to 10 group having at least two rings condensed to each other 
carbon atoms in which at least one heteroatom selected from 25 ( e . g . , fused together ) , in which carbon atoms ( for example , 
N , O , Si , P , and S is included as a ring - forming atom . 1 to 60 carbon atoms ) and at least one heteroatom selected 
Non - limiting examples of the C - C10 heterocycloalkyl from N , O , Si , P , and S are ring - forming atoms and the entire 
group include a 1 , 2 , 3 , 4 - oxatriazolidinyl group , a tetrahydro molecule has non - aromaticity ( e . g . , the entire monovalent 
furanyl group , and a tetrahydrothiophenyl group . non - aromatic condensed heteropolycyclic group is not aro 

As used herein , the term “ C2 - C10 cycloalkenyl group ” 30 matic ) . A non - limiting example of the monovalent non 
refers to a monovalent monocyclic group having 3 to 10 aromatic condensed heteropolycyclic group includes a car 
carbon atoms that includes at least one double bond in the bazolyl group . As used herein , the term “ divalent non 
ring but does not have aromaticity ( e . g . , the Cz - C , cycloalk - aromatic condensed heteropolycyclic group ” refers to a 
enyl group or a ring of the Cz - C10 cycloalkenyl group is not divalent group having substantially the same structure as the 
aromatic ) . Non - limiting examples of the Cz - Co cycloalk - 35 monovalent non - aromatic condensed heteropolycyclic 
enyl group include a cyclopentenyl group , a cyclohexenyl group , except that the divalent non - aromatic condensed 
group , and a cycloheptenyl group . As used herein , the term heteropolycyclic group is divalent instead of monovalent . 
" Cz - C1o cycloalkenylene group ” refers to a divalent group As used herein , the term “ C5 - C6 carbocyclic group ” 
having substantially the same structure as the C3 - C10 refers to a monocyclic or polycyclic group including carbon 
cycloalkenyl group , except that the C3 - C10 cycloalkenylene 40 atoms ( for example , 5 to 60 carbon atoms ) that are exclu 
group is divalent instead of monovalent . sively included as ring - forming atoms . The C5 - C60 carbo 
As used herein , the term “ C7 - C10 heterocycloalkenyl cyclic group may be an aromatic carbocyclic group or a 

group ” refers to a monovalent monocyclic group having 1 to non - aromatic carbocyclic group . The C5 - C6 carbocyclic 
10 carbon atoms that includes at least one double bond in the group may be a ring such as a benzene , a monovalent group 
ring and in which at least one heteroatom selected from N , 45 such as a phenyl group , or a divalent group such as a 
0 , Si , P , and S is included as a ring - forming atom . Non - phenylene group . In some embodiments , the C5 - C60 carbo 
limiting examples of the C - C10 heterocycloalkenyl group cyclic group may be a trivalent group or a tetravalent group 
include a 4 , 5 - dihydro - 1 , 2 , 3 , 4 - oxatriazole group , a 2 , 3 - dihy - depending on the number of substituents linked thereto . 
drofuranyl group , and a 2 , 3 - dihydrothiophenyl group . However , examples of the C3 - C60 carbocyclic group are not 

As used herein , the term “ C6 - C60 aryl group ” refers to a 50 limited thereto . 
monovalent , aromatic carbocyclic group having 6 to 60 As used herein , the term “ C2 - C60 heterocyclic group ” 
carbon atoms , and a C . - C . arylene group refers to a refers to a group having substantially the same structure as 
divalent , aromatic carbocyclic group having 6 to 60 carbon the above - described C5 - C6 carbocyclic group , but in which 
atoms . Non - limiting examples of the Co - C60 aryl group carbon atoms ( for example , 1 to 60 carbon atoms ) and at 
include a phenyl group , a naphthyl group , an anthracenyl 55 least one heteroatom selected from N , O , Si , P and S are 
group , a phenanthrenyl group , a pyrenyl group , and a included as ring - forming atoms . 
chrysenyl group . When the Co - C60 aryl group and the As used herein , at least one selected from substituents of 
Co - C6 arylene group include at least two rings , the rings the substituted C5 - C6 carbocyclic group , the substituted 
may be condensed to each other ( e . g . , fused together ) . C1 - C60 heterocyclic group , the substituted C3 - C10 
As used herein , the term “ C - C6 heteroaryl group ” refers 60 cycloalkylene group , the substituted C , - C10 heterocy 

to a monovalent , aromatic heterocyclic group having 1 to 60 ?loalkylene group , the substituted Cz - C , cycloalkenylene 
carbon atoms in which at least one heteroatom selected from group , the substituted C1 - C10 heterocycloalkenylene group , 
N , O , Si , P , and S is included as a ring - forming atom . the substituted Co - C60 arylene group , the substituted C , - C60 
Non - limiting examples of the C , - C60 heteroaryl group heteroarylene group , the substituted divalent non - aromatic 
include a pyridinyl group , a pyrimidinyl group , a pyrazinyl 65 condensed polycyclic group , the substituted divalent non 
group , a pyridazinyl group , a triazinyl group , a quinolinyl aromatic condensed heteropolycyclic group , the substituted 
group , and an isoquinolinyl group . When the C1 - C60 het - C1 - C60 alkyl group , the substituted C2 - C60 alkenyl group , 
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the substituted C2 - C60 alkynyl group , the substituted C , - C60 group , an amidino group , a hydrazino group , a hydrazono 
alkoxy group , the substituted Cz - C10 cycloalkyl group , the group , a C - Coo alkyl group , a C2 - C60 alkenyl group , a 
substituted C1 - C10 heterocycloalkyl group , the substituted C2 - C . alkynyl group , a C1 - Coo alkoxy group , a Cz - C10 
Cz - C10 cycloalkenyl group , the substituted C1 - C10 hetero cycloalkyl group , a C - C10 heterocycloalkyl group , a C3 - C10 cycloalkenyl group , the substituted Co - C60 aryl group , the 5 cycloalkenyl group , a C - C10 heterocycloalkenyl group , a substituted Co - C60 aryloxy group , the substituted C . - C60 Co - Coo aryl group , a C2 - C6 heteroaryl group , a monovalent arylthio group , the substituted C1 - C6 heteroaryl group , the 
substituted monovalent non - aromatic condensed polycyclic non - aromatic condensed polycyclic group , a monovalent 
group , and the substituted monovalent non - aromatic con non - aromatic condensed heteropolycyclic group , a biphenyl 
densed heteropolycyclic group may be selected from : 10 group , and a terphenyl group . 

deuterium ( - D ) , — F , C1 , — Br , — I , a hydroxyl group , a As used herein , the term “ biphenyl group ” refers to a 
cyano group , a nitro group , an amidino group , a hydrazino “ phenyl group substituted with a phenyl group . ” The “ biphe 
group , a hydrazono group , a C1 - C60 alkyl group , a C2 - C60 nyl group ” may be a “ substituted phenyl group ” having a 
alkenyl group , a C2 - C60 alkynyl group , and a C - Coo alkoxy 15 substituent which is a “ C . - C . aryl group . ” 
group , As used herein , the term “ terphenyl group ” refers to a a C , - C60 alkyl group , a C2 - C60 alkenyl group , a C2 - C60 cm “ phenyl group substituted with a biphenyl group . ” The alkynyl group , and a C1 - C60 alkoxy group , each substituted “ terphenyl group ” may be a “ substituted phenyl group ” 
with at least one selected from deuterium , - F , - Cl , Br , Ole 20 having a substituent which is a C . - C . aryl group substituted - 1 , a hydroxyl group , a cyano group , a nitro group , an with a Co - C60 aryl group . amidino group , a hydrazino group , a hydrazono group , a 
Cz - C10 cycloalkyl group , a C2 - C10 heterocycloalkyl group , a As used herein , * and * ' indicate , unless defined other 
Cz - C10 cycloalkenyl group , a C - C10 heterocycloalkenyl heteroeveloalkenvl wise , a binding site to an adjacent atom in the corresponding WIS 
group , a C6 - C60 aryl group , a C6 - C60 aryloxy group , a 25 formula . 
Co - C60 arylthio group , a C1 - C6 heteroaryl group , a mon One or more embodiments of light - emitting devices 
ovalent non - aromatic condensed polycyclic group , a mon - according to the present disclosure will now be described in 
ovalent non - aromatic condensed heteropolycyclic group , more detail with reference to the following examples . How 
- Si ( Q11 ) ( Q12 ) ( Q13 ) , — N ( Q11 ) ( Q12 ) , B ( Qu ) ( Q12 ) , 30 ever , these examples are only for illustrative purposes and 
C O ) ( Qu ) , - SE02 ( Qu ) , and — PEO ) ( Q1 ) ( Q12 ) , are not intended to limit the scope of the one or more 
a Cz - C1o cycloalkyl group , a C7 - C10 heterocycloalkyl embodiments of the present disclosure . 

group , a C3 - C1o cycloalkenyl group , a C1 - C10 heterocy 
cloalkenyl group , a Co - C60 aryl group , a Co - C60 aryloxy 
group , a Co - C60 arylthio group , a C1 - C6 heteroaryl group , a 35 
monovalent non - aromatic condensed polycyclic group , and Example 
a monovalent non - aromatic condensed heteropolycyclic 
group , A 15 Q / cm² ITO glass substrate ( having a thickness of 

a C3 - C10 cycloalkyl group , a C - C10 heterocycloalkyl 1200 Å , available from Corning Inc . ) was cut to a size of 50 
group , a C3 - C10 cycloalkenyl group , a C1 - C10 heterocy - mmx50 mmx0 . 7 mm and then sonicated in isopropyl alco 
cloalkenyl group , a C6 - C60 aryl group , a C6 - C60 aryloxy hol and deionized water each for five minutes , and then 
group , a C6 - C60 arylthio group , a C1 - C60 heteroaryl group , a cleaned by irradiation with ultraviolet rays for 30 minutes 
monovalent non - aromatic condensed polycyclic group , and and exposure to ozone . The resulting glass substrate with an a monovalent non - aromatic condensed heteropolycyclic 45 
group , each substituted with at least one selected from ITO anode thereon was mounted into a vacuum deposition 
deuterium , — F , C1 , — Br , - I , a hydroxyl group , a cyano device . 
group , a nitro group , an amidino group , a hydrazino group , 2 - TNATA was vacuum - deposited on the ITO anode of the 
a hydrazono group , a C , - C60 alkyl group , a C2 - C60 alkenyl glass substrate to form a hole injection layer having a 
group , a C2 - C60 alkynyl group , a C - C60 alkoxy group , a - thickness of about 600 Å , and NPB was then vacuum 
C3 - C10 cycloalkyl group , a C - C10 heterocycloalkyl group , a deposited on the HIL to form a hole transport layer having 
Cz - C10 cycloalkenyl group , a C - C10 heterocycloalkenyl a thickness of about 300 Å , thereby forming a hole transport 
group , a Co - C60 aryl group , a Co - C60 aryloxy group , a region . 
Co - C60 arylthio group , a C1 - C6 heteroaryl group , a mon - 55 
ovalent non - aromatic condensed polycyclic group , a mon An emission layer was then formed on the hole transport 
ovalent non - aromatic condensed heteropolycyclic group , region , wherein the emission layer included quantum dots 
- Si ( Q21 ) ( Q22 ) ( Q23 ) , - N ( Q21 ) ( Q22 ) , B ( Q21 ) ( Q22 ) , having a core - shell structure including CdSe in the core and 
- C ( = O ) ( Qz? ) , - S ( O ) 2 ( Q21 ) , and — P ( = O ) ( Q21 ) ( Q22 ) , ZnS in the shell . 
and After FeF2 was deposited on the emission layer to form an 

Si ( Q31 ) ( Q32 ) ( Q33 ) , - N ( Q31 ) ( Q32 ) , B ( Q31 ) ( Q32 ) , inorganic layer having a thickness of about 400 Å , Al was 
- C ( = O ) ( Q31 ) , - S ( O ) 2 ( Q31 ) , and — P ( = O ) ( Q31 ) ( Q32 ) ; vacuum - deposited on the inorganic layer to form a cathode 

having a thickness of about 1000 Å , thereby manufacturing 
Qui to Q13 , Q21 to Q23 , and Q31 to Q33 may be each 65 a light - emitting device . Equipment used in the deposition 

independently selected from hydrogen , deuterium , F , processes included a Suicel plus 200 system ( available from 
Cl , Br , - I , a hydroxyl group , a cyano group , a nitro Sunic System Ltd . ) 

and 
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oxygen outgassing caused from the thermal decomposition 
of ZnO may lower a level of vacuum ( e . g . , a level of vacuum 
of a chamber used for manufacturing the device ) and hinder 
deposition . 
However , in a light - emitting device according to an 

embodiment of the present disclosure , which may include an 
inorganic layer formed of a metal halide , for example , FeF2 
as used in Example 1 , and an emission layer including 
quantum dots , the energy level of the metal halide may be 
appropriate or suitable for the emission layer including 
quantum dots and the melting point thereof may also be low 
to facilitate thermal deposition , so that it may be easier to 
ensure reliability and reproducibility of devices according to 
embodiments of the present disclosure , as compared to a 
light - emitting device including an inorganic layer using 
another material ( e . g . , ZnO ) . 
As described above , according to the one or more embodi 

ments , a quantum dot light - emitting device may have long 
20 lifespan , high reliability , and high reproducibility . 

Spatially relative terms , such as “ beneath , ” “ below , " 
2 - TNATA " lower , " " under , " " above , " " upper , " and the like , may be 

used herein for ease of explanation to describe one element 
or feature ' s relationship to another element ( s ) or feature ( s ) 
as illustrated in the figures . It will be understood that the 
spatially relative terms are intended to encompass different 
orientations of the device in use or in operation , in addition 
to the orientation depicted in the figures . For example , if the 
device in the figures is turned over , elements described as 

30 “ below ” or “ beneath ” or “ under ” other elements or features 
would then be oriented " above ” the other elements or 
features . Thus , the example terms “ below ” and “ under ” can 
encompass both an orientation of above and below . The 
device may be otherwise oriented ( e . g . , rotated 90 degrees or Comparative Examples 1 and 2 35 at other orientations ) and the spatially relative descriptors 
used herein should be interpreted accordingly . 

Light - emitting devices were manufactured in the same It will be understood that when an element or layer is 
manner as described with respect to Example 1 , except that referred to herein as being " on , " " connected to , " or " coupled 
ZnO ( Comparative Example 1 ) and ZnS ( Comparative to ” another element or layer , it can be directly on , connected 
Example 2 ) were used , instead of FeF2 , to form the inorganic 40 to , or coupled to the other element or layer , or one or more 
layer . intervening elements or layers may be present . In addition , 

it will also be understood that when an element or layer is 
TABLE 1 referred to as being “ between ” two elements or layers , it can 

be the only element or layer between the two elements or 
Effi T95 45 layers , or one or more intervening elements or layers may 

Emis - Inor cien also be present . sion Driving cy C olor @ 100 The terminology used herein is for the purpose of describ 
Example layer layer [ V ] [ cd / A ] CIE X CIE y mA / cm² ] ing particular embodiments only and is not intended to be 

limiting of the present disclosure . As used herein , the Example 1 CdSe / FeF2 3 8 0 0 . 67 0 . 33 50000 50 singular forms “ a ” and “ an " are intended to include the ZnS 
Compar - CdSe / Zno 3 . 5 40 0 . 65 0 . 31 10000 plural forms as well , unless the context clearly indicates 
ative ZnS otherwise . It will be further understood that the terms 
Example 1 " comprises , " " comprising , ” “ includes , ” and “ including , ” Compar - CdSe ZnS 3 . 2 15 0 . 63 0 . 35 80 
ative ZnS when used in this specification , specify the presence of the 
Example 2 55 stated features , integers , acts , operations , elements , and / or 

components , but do not preclude the presence or addition of 
one or more other features , integers , acts , operations , ele Referring to Table 1 , the light - emitting device of Example ments , components , and / or groups thereof . 

1 was found to have improved driving voltage , efficiency , As used herein , the terms “ substantially . ” “ about . " and 
and half lifetime , compared to those of the light - emitting 60 similar terms are used as terms of approximation and not as 
devices of Comparative Examples 1 and 2 . terms of degree , and are intended to account for the inherent 
When an inorganic layer of an light - emitting device is deviations in measured or calculated values that would be 

formed of ZnO , which is a material used in inorganic layers , recognized by those of ordinary skill in the art . Further , the 
by a solution process ( spin coating and the like ) , as in use of “ may ” when describing embodiments of the present 
Comparative Example 1 , the inorganic layer may undergo 65 disclosure refers to “ one or more embodiments of the 
stability degradation over time , leading to reduced device present disclosure . ” As used herein , the terms " use , " 
reproducibility in manufacturing processes . In addition , " using , " and " used ” may be considered synonymous with 
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the terms “ utilize , " " utilizing , ” and “ utilized , ” respectively . 9 . The light - emitting device of claim 1 , wherein the metal 
Also , the term “ exemplary ” is intended to refer to an halide has a melting point of about 700° C . to about 1400° 
example or illustration . 

Also , any numerical range recited herein is intended to 1 10 . The light - emitting device of claim 1 , wherein the include all subranges of the same numerical precision sub - 5 inorganic layer has a thickness of about 200 Å to about 1000 sumed within the recited range . For example , a range of “ 1 . 0 
Å . to 10 . 0 ” is intended to include all subranges between ( and 

including ) the recited minimum value of 1 . 0 and the recited 11 . The light - emitting device of claim 1 , wherein the 
maximum value of 10 . 0 , that is , having a minimum value light - emitting device further comprises a substrate under the 
equal to or greater than 1 . 0 and a maximum value equal to 10 first electrode , the first electrode is an anode , the second 
or less than 10 . 0 , such as , for example , 2 . 4 to 7 . 6 . Any electrode is a cathode , a hole transport region is between the 
maximum numerical limitation recited herein is intended to first electrode and the emission layer , an electron transport 
include all lower numerical limitations subsumed therein , region is between the second electrode and the emission 
and any minimum numerical limitation recited in this speci layer , and the inorganic layer is in the electron transport 
fication is intended to include all higher numerical limita - 15 region . 
tions subsumed therein . Accordingly , Applicant reserves the 
right to amend this specification , including the claims , to 12 . The light - emitting device of claim 1 , wherein the 
expressly recite any sub - range subsumed within the ranges light - emitting device further comprises a substrate under the 
expressly recited herein . first electrode , the first electrode is a cathode , the second 

It should be understood that embodiments described 20 electrode is an anode , an electron transport region is between 
herein should be considered in a descriptive sense only and the first electrode and the emission layer , a hole transport 
not for purposes of limitation . Descriptions of features or region is between the second electrode and the emission 
aspects within each embodiment should typically be con layer , and the inorganic layer is in the electron transport 
sidered as available for other similar features or aspects in region . 
other embodiments . 25 13 . The light - emitting device of claim 1 , wherein the 

While one or more embodiments have been described quantum dot has a core - shell structure comprising a core 
with reference to the figures , it will be understood by those comprising a first semiconductor crystal and a shell com 
of ordinary skill in the art that various changes in form and prising a second semiconductor crystal . 
details may be made therein without departing from the 14 . The light - emitting device of claim 13 , wherein a first 
spirit and scope of the present disclosure as defined by the 30 semiconductor of the first semiconductor crystal and a 
following claims , and equivalents thereof . second semiconductor of the second semiconductor crystal 
What is claimed is : each independently comprise a compound including a Group 1 . A light - emitting device comprising : 12 element and a Group 16 element , a compound including 
a first electrode ; a Group 13 element and a Group 15 element , a compound 
a second electrode opposite to the first electrode ; 35 including a Group 13 element and a Group 16 element , or 
an emission layer between the first electrode and the any combination thereof . second electrode , the emission layer comprising quan 15 . The light - emitting device of claim 13 , wherein a first tum dots ; and 
an inorganic layer between the emission layer and the semiconductor of the first semiconductor crystal and a 

second semiconductor of the second semiconductor crystal second electrode , the inorganic layer comprising a 40 
metal halide and a trivalent metal ion . each independently comprise CdS , CdSe , CdTe , ZnS , ZnSe , 

ZnTe , HgS , HgSe , Hg Te , CdSTe , Gap , GaAs , GaSb , InP 2 . The light - emitting device of claim 1 , wherein the metal 
halide comprises an alkaline metal halide , an alkaline earth InAs , InSb , PbS , PbSe , PbTe , or any combination thereof . 
metal halide , a transition metal halide , a post - transition 16 . The light - emitting device of claim 13 , wherein a first 
metal halide , or any combination thereof . 45 semiconductor of the first semiconductor crystal comprises 

3 . The light - emitting device of claim 1 , wherein the metal CdSe , CdTe , ZnSe , InP , InAs , PbS , PbSe , PbTe , or any 
halide comprises a transition metal halide . combination thereof , and a second semiconductor of the 

4 . The light - emitting device of claim 1 , wherein the metal second semiconductor crystal comprises ZnSe , ZnS , CUS , 
halide comprises a silver ( Ag ) halide , a cadmium ( Cd ) HgS , GaAs , or any combination thereof . 
halide , a mercury ( Hg ) halide , a manganese ( Mn ) halide , an 50 17 . The light - emitting device of claim 13 , wherein a 
iron ( Fe ) halide , a cobalt ( Co ) halide , a nickel ( Ni ) halide , a second semiconductor of the second semiconductor crystal 
copper ( Cu ) halide , a zinc ( Zn ) halide , or any combination has an energy band gap equal to or greater than an energy 
thereof . bad gap of a first semiconductor of the first semiconductor 

5 . The light - emitting device of claim 1 , wherein the metal crystal . 
halide comprises a silver ( Ag ) fluoride , a cadmium ( Cd ) 55 
fluoride , a mercury ( Hg ) fluoride , a manganese ( Mn ) fluo 18 . A light - emitting device comprising : 
ride , an iron ( Fe ) fluoride , a cobalt ( Co ) fluoride , a nickel a first electrode ; 
( Ni ) fluoride , a copper ( Cu ) fluoride , a zinc ( Zn ) fluoride , or a second electrode opposite to the first electrode ; 
any combination thereof . an emission layer between the first electrode and the 6 . The light - emitting device of claim 1 , wherein the metal 60 second electrode , the emission layer comprising quan halide comprises AgF , AgF2 , CdF2 , HgF2 , MnF2 , FeF2 , tum dots ; and CoF2 , NiF2 , CuF , CuF2 , ZnFz , or any combination thereof . 

7 . The light - emitting device of claim 1 , wherein the metal an inorganic layer between the emission layer and the 
halide comprises FeF2 . second electrode , the inorganic layer comprising a 

8 . The light - emitting device of claim 1 , wherein the metal 65 metal halide , 
halide has an energy band gap of about 3 . 1 eV to about 4 . 6 wherein the inorganic layer further comprises at least one 
eV . metal ion selected from A13 + , Ga3 + , and In3 + . 
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19 . A light - emitting device comprising : 
a first electrode ; 
a second electrode opposite to the first electrode ; 
an emission layer between the first electrode and the 

second electrode , the emission layer comprising quan - 5 
tum dots ; and 

an inorganic layer between the emission layer and the 
second electrode , the inorganic layer comprising a 
metal halide , 

wherein the metal halide is doped with the trivalent metal 10 
ion . 

* * * * * 


