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A novel light-emitting device is provided. A light-emitting device with high emission efficiency is
provided. A light-emitting device with a long lifetime is provided. A light-emitting device with low driving
voltage is provided. The light-emitting device includes an anode, a cathode, and an EL layer between the
anode and the cathode. The EL layer includes a hole-injection layer, a light-emitting layer, and an electron-
transport layer. The hole-injection layer is positioned between the anode and the light-emitting layer. The

electron-transport layer is positioned between the light-emitting layer and the cathode. The hole-injection
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layer contains a first substance and a second substance. The first substance is an organic compound which
has a hole-transport property and a HOMO level higher than or equal to -5.7 eV and lower than or equal to
-5.4 eV. The second substance exhibits an electron-accepting property with respect to the first substance.

The electron-transport layer contains a material whose resistance decreases with current flowing

therethrough.
HwENREE
AR R
115 g2
( ‘Iﬁllilllll'fli ! HIUH!HIH]UIIHHHIHIHHHIHHIHHHHIHHHIf1]02 101:F7 4%
102:/& 4%
103 < 114 DTy 103:EL /&
113._/(////////’/////’////////// . B
”2_2_5 7 }112 LB RENRE
112-1—K 1125 7 i 82
= 12-1:5% — R AHE

[[E 1A1] 112-2: % = T L% /2

11348 . &
114:E 155 &
IS EFEANRE



HF%59%:. 109118425

AR AEAE
1865537

[ =B 4 22 ]
[ 3 % 4 7 )
BRI BOLEE - G T E R E R

G RCE=R
LIGHT-EMITTING DEVICE, LIGHT-EMITTING APPARATUS,

ELECTRONIC DEVICE, AND LIGHTING DEVICE

[+ 3]

Rt — A ZEOCE M - A B — R
Riraysotastt - B It —fEam BTHyEoeasit o
FHAh o R —EEHEBRMERYBFOCEE c  AFHN —HE
W7 IRt — SOt S5 - BIEG R ~ B2 AE K BS B 2 A
ZHEHVELRE > Hd > ELEEEEREIAR - #XEKE
THEEE > BREIABLKNEEHEFEE ZH &1 HH
BnEeEgRHR o BERHEIABLEE -YEKE
e S —-WEEEAEREERM H X HOMOSE & &
-5.7eVLLEH-54eVELTHIARKLEEY > BE_VEEZHE

—VEERETHERMEAYWE > LH - &7 EHEEERE
(SN i S = =R A = O 2 S -4

7B3098 B1H X3 HEHREER)
109118425 FELGESE A0202 1093264911-0



1865537

[ 3]

A novel light-emitting device is provided. A light-emitting device with high emission
efficiency is provided. A light-emitting device with a long lifetime is provided. A light-emitting
device with low driving voltage is provided. The light-emitting device includes an anode, a
cathode, and an EL layer between the anode and the cathode. The EL layer includes a hole-
injection layer, a light-emitting layer, and an electron-transport layer. The hole-injection layer
is positioned between the anode and the light-emitting layer. The electron-transport layer is
positioned between the light-emitting layer and the cathode. The hole-injection layer contains
a first substance and a second substance. The first substance is an organic compound which has
a hole-transport property and a HOMO level higher than or equal to -5.7 eV and lower than or
equal to -5.4 eV. The second substance exhibits an electron-accepting property with respect to
the first substance. The electron-transport layer contains a material whose resistance decreases

with current flowing therethrough.
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MEEOT c BB TREEIORRE - KR E T R =R L&
Bt MARFERREBAELRY - A% RETANN D F
A SRR P Liqgey Z &8 - ZFRFH o i
(association) &z /N Z fS BY 7% 5 #¢ bt - M1 b W %0 - RO fE AE
=R K RFME T E S K Liqly £ F i -

[0284])] #%F - FIAE -~ FEFTEETEBEBREL >
HELEEZZBLELHENRBELEREETHE & B
ALY & 24 T : F F Gaussian 09 » Revision E.O01 » fE
Fo Dy ek 8 E A§ RB3LYP/6-311g(d,p) > L EZE T ETE & -
EFET  HELXEFERBAOLJEEBEEBNEER B Z S
FREBRFNEEETER  SBHZEEAFKREELE
B o #ZuEEBERKRULVEE  BKHEHEHES —(#LiqiV iR
EbaE®E - EE > HLiqay _F &8 - =ZF 8 - IEE - N
FREA\ERBETSEKRFE - BE27RHHEGER -
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[0285]) i B 2787 B & =] %1 - LiqfE & /N % 8 B & 12
E o bRy E —(E Liqiy B ELREE R K 1.54 eV - M1l
AR fELiq > AERBEEREE > BAAKEP K - X
E B ESINLIqgUERE AERNVBELEE
EAFREZRE BAHITXBESZERNER I LY ZE
i
[0286] ML ATRE R - A& T E B J& 0y Liqft B 8)
FmHFEREBRABEIRZHP RS ER - Sk » £ FE
BERmBREHEHR TENOM LSRG CB N &8
WAKEBEBHE Y ERZERBNFELTRERSETEH R
i H &R T RE
[0287] A A IHEY —(H &G he 72 \Hy e F o > &
TP LU &S G A BE B ) ] B = E - g By U7 U
s BHEeREMmEERY  CETEHERE TP KRS B =N
it BV AKTBESE YR ETBEERLEA > ST
Vsl  HER BHEocEEGH/NE#0ENMmELE ST
FEEA ATl EHgHsE/NAESafRyFE N -

[ 0288])
<B %Pl 1>

EASER R - HIESEH G P ERNERESDD
HOMOSE [ ~ LUMOSE %5 Ll J% & T 4 ) % 69 5 1 7 0% i 7
SR

[ 0289] HOMOKE & & LUMOGE i 7T LL R 5 18 22 {k 2
% (CV)HEE W -
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[0290) fE B I =45 & - (F H E (L2 75 T 5 (BASHE
. & FL (BAS Inc.)®B & By ALSHI 58 600AE600C) - LU T
EHEBEANCVIIEN B R FERAER - EHARK ZHE
H g B2 (DMF) (B =0 & 1t Aldrich#l & » 99.8% - H % 5% 1§
22705-6) - [ fF f L& E B E A B KB IE T # (n-
BuyNCI1O4)( 3 3¢ b gk T ¥ # = & L (Tokyo Chemical
Industry Co., Ltd)# & » H 9 © T0836)2L 100mmol/L
R E A > BB E Y S L 2mmol/LAY B & /A fE 1 3
Bl HAb o fER L {FE MK {E A #0 &M (BASH =0 & £ (BAS
Inc.)fl - PTE$H & & ) - F & &H B) & & £ A $0 & & (BASHk
2 & L (BAS Inc)ff| - VC-3F Pt & & (5cm)) » {F & 2tk
B M R Ag/Ag*E il (BASHR I & £ (BAS Inc.)ffil » RE73E
KBEBBESEEM) - FE > =R T QROCE25CHETMH
B o HCVHERA I EES — 50.1V/sec > H = H HH
N2EEMIA(LEMEa[VIRER & Ec[V] - Eafy & 1k
-BRE BN FEEN  EcCRER-SLEZEANTHE
fir « £t > EHAEAERUFEANSZTEHRVHEE R E
ZEREMS B ZAAE &y -4.94[eV] > B I F I HOMOSE & [eV]=
-4.94-Ea ~ LUMOGKE & [eV]=-4.94-Eciz W (A . =X 45 Bl X &
HOMOGE & &z LUMOGRE & -

[0291]) & F % &) % v DL %5 f [H #1 5% ’% (Impedance
Spectroscopy : IS/E)H FE -

[0292] fE HELM RIS T+ R BT E HE > ©H
H e 1T ¥ R % (Time-of-flight : TOF %) B¢ 1 22 B & 1 [R &l
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% 7 (Space-charge-limited current : SCLC)AY I- V45 M 5k sk
M HY 5 75 (SCLCE )% - TOFABLE &R E WA HELJT 4 M tL
FEEEEFEFEMNEA - SCLCEAEAAFAREEIEH FE X
HESEEMREEFAGE - F£I1SEF > R EFFTEE
A EEEREE - Rl 2% EnmAE A - By LA BLfE A B
L EBELM RE ARE » AT AAE BRI N E B AV ELIT 4
NEENFEL TNTHER# X > SURIHRF-BHENES
58 58 M

[ 0293]) fEISJAH » ¥ ELJT {4 Jit 10 ik /)N 1E 5% % & B 3
58 (V=Volexp(j ot)]) » & H [d] & & Ji (& 9% (I=leexp[j(ot+d)])
Hy & Ik e Bl g A {E 5% BV M fr #= oK i EL ot 4 #Y [H #t
(Z=V/1) - &&= 5 & B 2L 2 (K 48 & B 1 & H 5 o 2
gL o B RAGE B A A BN BE B By & TE gt B B B A B o o B
G 77 OHl E e

[0204] E@& > HHOIWEI B ERNY=1/Z)W T I o
AR ERULHEEGCKENBELE TR -

[ 0295]
[ = 1]

1 .
Y:E:G-'_]B e (1)

[0296] & - #& M B — & X A (single injection)
AR AL EH TH A ()R B) - BE - g(BNENR M
TEE - EE > HELAAT O CRIIFEBRBE(ERT) 0K

A

(0t) > ORI EHR - tHIEMEFHE - (F R o HEH
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BRAAE ARG RE - EREGESRE > I REERERK
b P RE HY 7 A e

[ 0297]
[ 2]
G=g6’3 @ —-sind
6 2 ...
2 {2)
(6 —sin 0) +£€2+cost91]
2
03 o +cosd—1
BIC‘)C_.‘:g 2

6 62 2.3
(6 —sin 9)2 +[2 +Cos 91}

E=—8l—+ ...a)

[0298] FEEESNHAERKRHEEHBH R T ER
-ABYE o M REEBEWNHERRUEEHRBE RO T ER
wAGk -

[02090] EFE L > o BHEFHBEEREHEF®
EHRMBRMERTH - ZHMERATHEUERSE F R RS
B A &Et c B2 M ERNER T TE
B - AEABRHEFT  HREBEESWHARFUEE DB B R
Y 75 05 (-ABIE)YETTEREA -

[0300] E R & 1 AR E &N E B T k240 B 28
Fitos B BR 12 15 HR 201 B [ iR 2027 R B FE 56 — g 210 ~ 56
B211RE=Z/E212 - BEXDHEFBIHTOMEHES
T lE2118 MR o B X LLZADNELLiq& 0.5 1 0.5(E & b)WY

&

7
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LERFEFENETRBHERNMNE RO ETHE - HEBAVEE
Bl 740~ RN -

[0301]
[ 7]
ot B BE |B=E|

100nm:50nm{100nm| 1nm | 200nm | Inm |100 nm

ZADN: Liq

0505 | H4 | Al

APC {NITO | Al Liq

[0302] FH#LH E f£S5.0VE9.0VH) & B N i il B R &
BE Y [ By AE 22 it % BE B 70mV ~ BH R B 1Hz % 3MHzHY %
TETHNE REAFHVEIVE R EGN (XS
FOEHEZRE - B29rHEMEE B7.0VE H B EZFCH
PR 1

[0303) IR I /NEEE(E S AR T E £ 0 ZE
HEGTAESEREMINIRERE » EFCHHRR M E
B REEMMUERFEA - B& oy T 8 E 7T K HE
WAEANRTHEHNEBNGETEER > LT AR

(5)F R o
[ 0304])
[ 23]
417
3up,

[0305] S EWNELCABHIENRFEEFTZE(L-ACK
LA R ol E (-0AC) » 1A 03 E i &5 R — ] 1Y &

~|
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S
piiin|

}S f’max(:wmax/zn)/&i\i % ?? E‘EJ:‘ FEﬁ TZ FEﬁ }ﬁ;‘j /@ Ly\ T /Z;s\ :T:t (6)8/\]

AR
[ 0306]
[ = 4]
L 4s
T_zjyrr <+ {B)
max

[0307] [E 307 H f& b 4 2 H & /Y (J5 Bl B it & B
By 1.0V 8Y )-ABEY B R K5 % o ££ B 20 4 LLAF 38 or W € & 30
oK HY A AR AR R — (A Y U 3 R max o

[0308]) M/t fe iy b #L A E K o7 7 15 20 HY £ max K W E
7o E T(2 B Eat 2 30 (6)) > Fr LA BLfE B3 2% 3 (5)°K
EENERBRRTOVENE TR R - HALEREER
SOVEIOVEH EWETHENHE - JNHEWH S EE(E
BN E TR E R - NIttt o LA E R #) Ry &E S 8
FEE K 8 1

[0309]) B3I Rt ER PR BEHEZEGSNSARKLES
VHE TR RONEXESREMBENE - RImd € E 31
oE Y 5 58 [Viem] By *F 5 MR & 600[V/em] 25 #Y & ¥
B8 RAV(E -
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B

BTHEE
(cm?*/Vs)

cgDBCzPA 7.7 % 107
2mDBTBPDBq-II | 2.2 x 107

ZADN: Liq
(1:1)

3.5%x10°

[0311] W hEFrM AT LLEHEFBRER - T E AR
Af 4 By B 2 U7 & 0 2 B Takayuki Okachi<® A HY “Japanese
Journal of Applied Physics” Vol. 47, No. 12, 2008, pp. 8965-
8972

[0312]
<2 F 2>

EARZZEF - B HAEE bt f 209 8 Ay 2-5K & -3-{4-
[10-(3-0EmE E)-9- R AR A JERIMK (B © PYAIPQH &
R A o LN R HE PYATPQHY &5 15 -

[0313]
[{b £ = 4]

[0314]) ¥ 3-(10-’R -9-F FE)HMEBE 0.74g(2.2mmol) ~ =

7B3098 5593 H » 3£ 101 H(EBHERBHE)
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(AR B 2 B ) B 0.262(0.85mmol) ~ 4-(3-3% B 1 15 Ik -2- 5 ) 7%
B W B2 0.73g(2.3mmol) ~ fx B # /K F /K 1.3g(9.0mmol) ~ 4

W Bt (DME)40mL & 7K 4.4mL g A SOmLEY = 55 B /)
AN BMAEBE TREZESY KRR > HIERNETER
H# -

[0315)] HZEMANBESY I A LB (ID65mg
(0.29mmol) » £ F R M FRSOCHEFIINE - BHRE - B
BEHANESYINAK > ERHBEFETERN - EHENER
BR K AT 1T B Ay B LA RO AT RO o L (F R BR 8 1T RZ

- BMHBETENBEURGEER - DEFREHMY o & H
WA HYBEEERAERRAGLEMARE - 28 L8

=SIIRM R > EHHF/CHEES R - LL36%H E R F F
B r & @ EfE0.43g - LT R H & BB 4R -

[0316]
[{E £ 3 5]

B(OH),
Oy O oo
P(o—Tolvl);

K2CO3
7 N -
O T N N DME, H,0

7 N
N N PyAlPQ

[0317] # A& & ZE XY & 80y &= & [E f8 0.44¢
BITAERMA - FRAERAGKEAE > BN K 10Pa> @R E
B 5.0mL/min > f£260°C N AIEI8/NEF - fE R ER A 2 1% >

7B3098 5694 H > £ 101 H(EBHERBHE)
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EL79%y [y RS 2 H Y Y)Y = B B A2 0.35¢g -
[0318] DL For & F 4 & /8 3 2 6y &= & [ 52 7Y % b
LR KA CH-NMRYWY sy T & 2R - R E &R oA > f£A
Bt pl 5 E 7 Bl &R AT RV PyATPQ -
[0319] 'H NMR(CDCI3, 300MHz) : §=7.37-7.50(m,
9H), 7.56-7.78(m, 9H), 7.82-7.86(m, 3H), 8.24-8.30(m, 2H),

8.75(dd, J=1.8Hz, 0.9Hz, 1H), 8.84(dd, J=4.8Hz, 1.8Hz,
1H) o

[ﬁﬂ?ﬁﬂﬂl

[ 0320])
101:(5
102z fx
103:ELJZ
1118 JF = A&
1128 JF & & /&

Tﬂ

112-1:5 — & & & 2
112-2:5 & & & 2

113:385¢

113-1: /4 & & 3

1148 + & iy J&
114-1:56 — & 7 & & =
114-2:5 — & F H & g

115:8 7% A J&
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S13:8 fif & £ &

601: 58 &) & B¢ &0 O 1 4 58 &) & %)
602:{5 3 &

603:8E B & #& &1 () 1 &7 56 B & B%)
604 % £ B R

605:% £ Kl

60725 [

608 1ffi 4%
609:FPC (&K 1: EJ il & #% )
610:7T A &

611:5] B FET

612:% it ¥ #| FET

613:[5 Hix

614:%& % ¥)

616:ELJE

617:[z fi

618:3 5t ¥ 1

051: Ktk

952: 8 fik

95348 & &

954: 57 @ B

955:EL J&

956: 8 1k

1001: 4 7
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1002: 5 JIT 48 &% P
1003 : [ 1 48 & B2
1006: [ iz & fiR

1007 i & fix
1008: i 1 & fi
1020:%5 — J& fd & & &
1021:%5 " Jg [ 48 & I
1022: & &

1024 W : 5 i
1024R:[5 fix
1024G:[5 &
1024 B:[5 fix
1025: 47 [ B¥
1028 :ELJE
1029: & fi
1031:% #f A R
1032:

1034G: 4. 6 &8 |2
1034B: B 1 % &
1035: 52 45 [
1036: 7 #
1037:% = & [ 48 4 I

IE]
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1042: F ## 0
2001:4h #%
2002: ¢ B
2100:1% 28 A
2110: B4 F
2101: 08 & B A 25
2102: 2% 78 &
2103: | & 0 8 #
21048 2 25
2105: 81 '~ 88
2106: T &) B8 AH 1%
2107:[% 8¢ ) &L OHI 25
2108: %% Bl 1% £%
3001: 8% BH 5% 1A

7

5000:4p #%
5001: 8 /R &
5002:% — EA R
50035 2 58
5004:LED&
5006: # £ I T
5007: &% S0 28
5008:%F 73 [
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5012: % 4% &
5013:H f&
5100: ¥ Hh % 25 A
5101: 88 7~ 23
5102: 82 A5 4%
5103: 7] F
5104: 3¢ {F #%
5150: 7] # =0 & # & Ui
5151:4 #%
5152: 88 & & 1
5153: % ff &
5120:47 K
5200: 88 7R [& 35
5201: 88 & & 1
5202: 88 & & 1
5203: 88 1 [& 3
7101:9p #%
710388 7= &
7105:3% %
710788 7= &
7109 (F 52
7110:%% $7& 25
7201: F &
7202:4p

7B3098 55100 K - 3 101 H(ZHRBHE)
109118425 FELGESE A0202 1093264911-0



1865537

720384 R B
7204 $ %
7205: 40 H 2 Bz i
7206:45 H £ E
7210: % — BA R &6
7401:9p %
7402: 88 o= &
74034 1F 2 i
740455 &) 2 B2 1R
7405: 45 B 2=
7406: 28 72 &
9310: 7] # =0 & # #¢ i
9311: 8~ |
9313:8% ##
9315: 4 #%
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[ SFHH s B H3ulE ]
[ERME1] — R B4 BF
f% fi
b A 5 DL K
% [ B e i 2 M @Y ELRE
H > ZELEREER AR - #LtELREFEHRH

ZEFREARBURZEGHREZ ELE 2/

ZETFHEmELRNZELERZBRER R

ZEBEREIAEBEBEE—VMERE _UVE

ZE—MEZEAERERM H HXHOMOR M &
-5.7eVLL F H-5.4eVL T A # L&Y -

ZE_VHHZSE-VEEHRE BRI

IH #ZBEFEmEEafEf@ER T AR EMHEESZ /N
Y A4

(k2] MEBFH KE 1L e 04F

HphZaFEARBREREE NIV EE BB
HNig LB AREEBESY -

[k 3) MEBFHKE 12 % 0F

HpZaEERRBKREREE NAIMEEEA&E
FTEEBENARLCEYRBEBEXNR LB AE S H
a4 -

[ k4] MBFHF RE2MFE R EI 2 #F ot 4

HbhgmeBm BN ARSBREAYELE -

El Il
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% 109118425 2% RE 11246 5 1 OEE

[ °kIEHSY R\EFKIH2EE K IH3I Z #5048 4 o
HowmosEB teBW AR BE e ERES
AR AENLEENB BN BB CY -
[FFokIHo6] MRIEHF KIH2EHE K IH3I Z 8ot 45 74 >
HogwhosBElmtoBARKTBE e EESE —
BB TrMEA-XEREMEHBROILEN BN -
[ °kEH7) R\EHFKHE2KEFE K IHIZ #0474 >
HogwhosBElmtoB AR BE e EEE R
Ae-RAEMEEWEIEBNMEHLEEY -
[k H8] MRIEFKIH2EEHE K IH3IZ 8ot 4 4 >
HfZETHEHHBERES -—BOSE &
e EBURZBCEHEZE g ZH
Zh _BURNZSE - BRZEEZHE
WHZFE-ETHZBEBENRR LB AKTEH
YR RERZE _EAMH -
[ kIH9Y R\ HKIHSZ ek
HPZE—ETHzZBBERBR LB AT B
BYHZRESNZSE -
s OKIHL10] MRIBEFE KA1 Z & e &6 1
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AR L] MRIBEFEKIH 1L & e &M
Hfz#irgaa B8 RELYEHE
I H#Z#CVERNECEL -
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