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Y MEAH A 5o Edo] AFSE 4 9o, upgkA s Ao w2 [TOo|t},

aga, A 2 AF(1170)L SH3E} 7Hﬂ°i(negat1ve charged carrier)?l A& (electron)E FHst=d] vt
A EHZA &, &FvE, TE, 2, Ee oY = ZE/EFvE e, tude/e 3, ¢FvE/E
F e % 2ol ¢FvE, ]‘EF 2, vhHE, Ptdlg 2 oolEe] 2FW e EE A9d wgA e IE
7, @#¥=(lanthanide), <EFEZF (actmlde)oﬂ &l FEoA AgE S o, nggEAlE dFuE, ©
= ¢FvE/Zds deoltt.

wouwel 7] 3 SEES A BHES FYRE A AR BYEE 4T F AL, =
WERA BAY EAES @7 WFFE T 5 9
X

Bouvs pdste A8 S Qe sAERE BAdon ASHE A8 ASE 4 don, pAdont
PAmTPI (9,9-dimethyl-10-phenyl-2-(3-(1,4,5-triphenyl-1H-imidazol-2-y1 )phenyl)-9,10-dihydroacridine),
guld-4-Eg|dd AL d L3 SAbo] = (diphenyl-4-triphenylsilylphenylphosphine oxide, TSPO1), 4,4-
N,N-t] 7}u}=-1] ¥ d (4,4-N,N-dicarbazole-biphenyl, CBP), N,N-tj7}u}z<«-3 5-#lA1(N,N-dicarbazoyl-3,5-

benzene, mCP), Z#H]d7}u}=(poly(vinylcarbazole), PVK), Z#ZFod, 4,4'-v]2[9-(3,64]Hd7}v}=
) 1-1-1,1'-¥]5d4 4" -0 2~ [9-(3,6-¥] | I 7putE <) ]-1-1,1'-0] 9, 9,10-8]=[(2',7'-t-%€)-9",9" '-35}
o] ZH|ZF ¢ #d(spirobifluorenyl)tE e Al HEZIZEF 2 d(tetrafluorene), pBCh2Cz (9-(4-(9H-
pyrido[2,3-blindol-9-y1)phenyl)-9H-3,9'-bicarbazole), mCPPO1(9-(3-(9H-carbazole-9-y1)phenyl)-3-

(dibromophenylphosphoryl)-9H-carbazole) &< A& 4= o}, o]o] IAEA ¢k

8 9 FHol S5 f1BY2AE AR NG SHelA mAASAE AV1H, 98 ARl S5t
Lg—. =)

= L
I AxE B g 49 5 e vholEdk(bipolar) S4E T S2EE AREskE Ao ubgbA

T
v}
=
N
_0|_‘
X
r
2

2 9% S4o] Ao % vlelZek(bipolar) AL 7
a 71 W SES B WF A0} 15 o BHE oln A8y
4o dAs AHAZ & Yorm PPl AMEehs Aol weh whekd sy,

T 2
of o

F(1140)& w2 5~200mn, v sHAlE 30~100mme] FAZ Al 1 AF(1110)9] AR2 AFHe=
del we #7] Hd SgEe CvEHEN B3es A 7 AW, BRERA $ES (11400 o
A1 20 %, B O AR 5 A 205 % = 29k E 5 v

k%)
R

Bl
shd, 2 o] wE f7] @ s5tEe Adest 945 e fU13AA(1000) = B0, WHES

il = ol FulEo] e uF FEY fFrEFAhA e HEgE S
Argol] wel AdE 7] B EEe] 482 4 e U Fdule f71EF4aAH2000)2] ©@ES
Hog LAG Zoltk, ZAlE A3 o], {UIEFAR(2000)E 7]¥(2100), A 1 AF(2110), HFTHY
(hole injection layer, HIL, 2120), A& A &=(hole transporting layer, HIL, 2130), 23=(2140), #
g3 (electron transporting layer, ETL, 2150), HA}5¢Z(electron injection layer, EIL, 2160), #| 2
F(2170)0] £AH o2 AFH JEE ZEeT).

= H

AR 548 A vt ohdet 2 el gekehA] o ITOA *&—"%01 =

ofF= Vs @t 53 AeFde212002 Al 1 zﬂ%(zno)og AHEE = Al 1109 dgh
A5 (213009 HOMO 2] ztolS 2detr] f1ste] 1109 A g

A 7 =dR2A, 53 AR deds 2t =24 Uﬂé&v}. i
A4 FF9

Jlm

4
i

T2 Yo e TR

(2120)9] A2 BAAH2 e BEEE OARE 4+ e, ulAd A= copper
phthlalocyanine(CuPc),  N,N'-dinaphthyl-N,N'-phenyl-(1,1'-biphenyl)-4,4'-diamine, NPD), 4,4',4''-
tris[methylphenyl(phenyl)amino] triphenyl amine(m-MTDATA), 4,4',4''-tris[l-naphthyl(phenyl)amino]
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[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

SES35 10-1948789

triphenyl amine(1-TNATA), 4,4',4''-tris[2-naphthyl(phenyl)amino] triphenyl amine(2-TNATA), 1,3,5-
tris[N-(4-diphenylaminophenyl)phenylamino] benzene(p-DPA-TDAB) &3} Z& HgkZE olvWlF, HARA 1EAZ
Aol ZFEleHl FEA2 poly(3,4-ethylenedioxythiophene)-poly(styrnesul fonate) (PEDOT:PSS) & A&
T oy, oo dAHR gery. B o] Ao oA & PEDOT:PSSE ARESISlth. AEFFHUS (21200
20~200mm®] FAR Al 1 FAF5(2110) 9] ol ZEHE 5 Ut

A, AeFUT(2120)9] dioe ATFUST(21200S St 502 AEs Ao TFT QU ¥
o] = [}

et
1l [e)
& T AEF AedEF(2130)0] FAH=H, AEe] dFsA &, AL F A=F F3ALSF(2130)9
HONO =30] wH3%(2140)€] HONO Mt & Bdo] Mulgrh, ¥ wee] nleh A8d 4 gt JedLs
Z o [

(2130)9] As8ZEe S4HoR AgHE 24E& AT & don, uerds A TCTA(Tris(4-carbazoyl-9-
ylphenyl)amine), TAPC (4,4 -Cyclohexylidenebis[N,N-bis(4-methylpheny!l)benzenamine]), TPD (N,N'-bis(3-
methylphenyl)-N,N'-diphenyl-[1,1'-diphenyl-4,4'-diamine), TPB  (N,N'-bis(1-naphthyl)-N,N'-biphenyl-
[1,1'-biphenyl]-4,4'-diamine), NPB (N,N'-di(naphthalene-1-y1)-N,N'-diphenyl-benzidene), Ez|#Hdo}l
(TPA), MPMP  (bis[4-(N,N-diethylamino)-2-methylphenyl](4-methylphenyl) methane), TTB (N,N,N' ,N'-
tetrakis(4-methylphenyl)-(1,1'-biphenyl)-4,4-diamine), ETPD (N,N'-bis(4-methylphenyl)-N,N'-bis(4-
ethylphenyl)-[1,1'-(3,3"'~dimethyl)biphenyl]-4,4'~diamine) 53 £ AR A& AL Ed3}; Zuds}

g, Edopdd, (ddd)EdAS o aEA A e =2& AHEE ¢ oy, o dAHXA

¥ oyl nhEw WYEU0) Al 2 AF(2170) AolE FFFAF(2120) 2 AFATFQOA BgE
Qe AAFYEF(2160) 2 AAALF2I50)0] AL, AAFAF60)E BT A4 TS FEH] 9]
@ Zlom, U A8 ol5E Qe LiF, Bafy, CsF 53 o] 4] 74 B ARUEF 3% o Fuvt
AgH ], ol% B4 oo olate] AAWRE500 i £RL FET & AT Y & AT

AAALE (21500 F2 A4S o7l 88 Jie] TgE ARz FHHEH, oF A e A%
OEEAl aTH ABF WA £4S Foo] WAZQUNLZ AAE AAHeR FFAT. B wwe] ue

p

A 5 ool AAAgEe ARzt EAMen A8H: 2AS AT 4 glew, wekdadr 1501
(diphenyl-4-triphenylsilylphenylphosphine oxide), TPBI (1,3,5-tris(N-phenylbenzimiazole-2-yl)
benzene) ; Alqs (Tris(8-hydroxyquinolinato)aluminum); DDPA (2,9-dimethyl-4,7-diphenyl-1,10-

phenanthroline); PBD (2-(4-biphenyl)-5-(4-tert-butyl)-1,3,4-oxadizole), TAZ (3-(4-biphenyl)-4-phenyl-
5-(4-tert-butyl)-1,2,4-triazole)® 2 ©o}& 38}¥E, phenylquinozaline; TmPyPB (3,3'-[5'-[3-(3-
Pyridinyl)phenyl]1[1,1':3",1''~terphenyl]-3,3"' '=diyl]bispyridine) = AF&E 4 dou}, o]o FAHHX
e, B oo AAdeMs TPBIE AAAEE(2150) 02 AFE3Fon | HAAAEE(2150) 5~150 mme)
AR R (2140) 8] Aol AsE S AT

os, ® wwe Azel W ANdel oAl B wwel we Ad 47w L, ol Az @ &
Aol HHEAL AN}, 7o ANdEe B odde o olaE B/ A% AemA, ¥ wyel ¥t

a719] Arele] @gEE e ohd,
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[0110]

[0111]
[0112]

[0113]

SES06 10-1948789

[HA]e] 1] 7] 24 s}eh= TPA-3FAS] A=

Br

&,
S, e

2M K,CO3, Pd(PPha),
dioxane, 100°C, 24h

o
[

577,

v )
TPA-3FA O
AT B2 utg ZeraFe thol&A (50 nl), EsU-BEEHAE)o (3EE A, 100 mg, 0.207 mmol),
10-(9,9-tfold&-7-(4,4,5,5-H EtHE-1,3, 2-Tho| SALH 2 2h-2-¢ ) -9H-FF 0. ¢l -2-4 )-9,9-T}o| W & -
9,10-t}olslo|=Rola e (33E B, 460 mg, 0.829 mmol) = 2M K,.00; &N (15.0 mL)E FY3}
22 3087 HA 3 thS, Pd(PPhy), (48 mg, 0.04 mmol)ZE 7}s}9ich. whSESES B34 thr] 8 105 TollA]
24N 7ot AFe A WA FH T, WhSo] S REW, WHSEFES o HolAH O E(EtOAc)E X F fUFS
st 58 EtOAcE T FE319 Y. Ao f7158 &3 & B (brine) N (2X50 mL)o2 Ao]Fal
T Na,SO, = AX:AIAT. f71 &vlE Y shdA sFA71 xHE AYsbA A3 A=2vtEa Y
(EtOAc/hexanes (1:9 W] 2:8))2 AASATE. AAES A2 AAAHsI F712 GAst, CHCly/ A ke
2 HAANA Ef24-(7-(9,9-tfol | Eola 2 U-10(9H)-L)-9,9-t}o] | H-9H-ZF 2. &l-2-2) 3 d ) o}l (o] &},
"TPA-3FA' 2} &)< s 34 (200mg, 63 %)= FE3gith.

\

W

I NR (300 MHz, CDCls, 6): 7.97 (d, J = 7.5 Hz, 3H), 7.84 (d, J = 8.4 Hz, 3H), 7.68-7.61 (m, 12H),
7.48 (d, J = 7.5 Hz, 6H), 7.34-7.25 (m, 12H), 7.0-6.90 (m, 12H), 6.35 (d, J = 7.2 Hz, 6H), 2.09 (q, J
= 6.9 Hz, 12H), 1.73 (s, 18H), 0.44 (t, J = 6.6 Hz, 18H). 13C NMR (75 MHz, CDCls; &): 153.044, 151.083,

146.794, 141.295, 141.080, 139.870, 139.809, 139.763, 135.887, 129.957, 129.852, 128.029, 126.467,
125.854, 125.808, 125.410, 124.521, 121.825, 121.059, 120.447, 120.309, 113.967, 56.585, 36.012,

32.949, 31.616, 8.731. HRMS (FAB+) caled for CipaHipeNs [M+H]+ 1527.81, found 1527.82. Anal. calcd for
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[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

SEE36] 10-1948789

CriatliooNy: € 89.61, H 6.73, N 3.67; found C 89.63, H 6.71, N 3.65.

Ab7] A Z% TPA-3FAY] 44 EAL dolr 7] 93} Mettler Toledo TGA/SDTA 851e, DSC 822¢ #4715 o]&
o]l A dl7] SfeA 10 T/EY JtEEEE 7FesHA] TGA(Thermogravimetric analysis) 92
DSC(Differential scanning calorimetry) A&S s om, I AARE = 3 F = 49 =AY
TPA-3FAS] F-AME R 5 %2 Eai7F A2t E(T)v 445 T2 =4 veEwten, fFElHdo)%(T,) A
158 T2 Al Yept 9o s & 4 Sl

—

rlr
A
%
rlo

o]2| gt TPA-3FAS] & E4 <AL TPA-3FASl 7HA(rigidity) SAol 71AEE o=, TPA-3FAY] T, = U}&
Ao o8I AFFEEH T, Hu wl§ =gkon, sty or kds dES ysrld 7

G ool adel mE S PAA F Ack

o
>

o
ol
o
o

7] AZE TPA-3FAS 222 EE(CHCL)ol 1x10° M2 88|47 & @ A= Aeo] A UV-visible &5 23

TPA-3FAS] 70X (onset) &4 ~#HEHozRE  #Hat ojix F(E,)S 3.0 eVE AXEYT. & 50218,

20om(EEFAZL, ¢ = 1.87%10 L -mol - cm ) oA =& oUx &2 w3 ofA] W] p-nx Holo] 7]<l

B w3660 249 o e o] MEE 1.40X <10 L -mol - em 9 &2 2= Tho]oElE2 0wl wo
oE]Z zt= TPA oY n-n* Holo] FFHYSS & = AUt

L5 AHdAM e 5 2FdEYA(E 6) 9GA] &N AHdAY 54 ~FAEYY {FA189 0. TPA-3FAS] W& FH 4
L g 9 FgE Aeoa <k 431mmo) Yt AT/, TPA-3FAC] FWHM(full width at half maximum)<& 8o 2
A= Aefoll A ZHzb A7nm 2 Slnmo| ATk, o]#ldk A= TPA-3FAY] AT Bl A wiiEdd LB A Bz A
T2go] A3 AEUE AE A A GAER o, olgd ATHE ATge AW F4 FF AHS
JA S =d FE8S & 4 UAgY.

T3k, TPA-3FAQ] @p #h2 0.89 (FEF: 9,10-tloldldetELRAl (D =0.90)) 2 AAFEATE. TPA-3FAS] &+ 3 2
28 AUA (B 2 EpDE ARl Yote], we 2 (77K A e dF A <3G AAEHS 2-vEH Egs)o)
ZFTE A (2-MeTHF) oA A ZA3te] = 7 2 o] ZA|}8I),

Fad B 2 B 77 2.90 B 2.4 eVollh. ERE, = 9o mAlE wpeh o], TPA-3FAS] fAE (1)

73 (Transient PL  decay) Ao ZHEH AAHE Y A3 A=, THFE £d00A4
1.13nso]Qa, BEAE A 0.72ns°] %l T},

S ALHAFH (Cyclic Volatmmetry, CV)S o]83te] TPA-3FASY] #7138tz EAS =AH3ATE. OV SAHES A
Nl A5 AEB(RE AFo2A4 Wa tag, Ad dF024 Mg ofolo] B 7|FE 502 A Ag/AgCl) o]
TH]® CHI 600C potentiostat (CH Instruments)@ -2 F7] 9171 oA FAHAT. o= &doA] 27
A A=A 0.1M TBAP(tetrabutylammonium perchlorate)] CH.Cl, &<8olAd 100 mV - s «] 27 a2 535
ool 2E EEE A2 AREE AL CHCly, &HellA 2] 4ks} g2 0.4 eVel o= vErRth (V 54
AiE & 10 2 F 149 Ao, o]Z2FEH 1.1 VAllA] CHLl, §dollA H7FS 2 2ksrl dojwt&s & &

A1et A= TPARRE fefEdar, =3 Aste das Q43 9,9-toladZ e HolojE 2 Hyg3lE
t}. TPA-3FA®] =A = HOMO(highest occupied molecular orbital) 2 LUMO(lowest unoccupied molecular
orbital) olUYA| &= Z+z} -5.25 2 -2.25 eVE, PEDOT:PSSe] HOMO oy x|} 2+ A X3}ict.

o,

HAAHEE (Electronic Distribution) % H3} 4 E
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[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0135]

SEE36] 10-1948789

TPA-3FAS] Hx2A 25 Lolrr] 93 DFT(Density functional theory) EEHE Algson, =1 A}
HOMOS] A A== TPA Aboll =F3lu]o] glar, W3 tholo|edZ 2o dle] A Exuo] gli= v LUINOoIA ==}
e Fz tloloedZ 20w Ald] 9 X% ¢lth. TPA-3FAS] AAFE HOMO 2 LUMO U= zHzb -4.76 2
-1.07eVE, AdgAoR dojxl gt A< s

DFT Algelolde] TPA-3FAS] et @ 29 Wy ZHERRE 37)e) tolddERel/olaed mololE] s}l TPA
wolojelo] ths) gold BWow M o vhehlth, TPA-3FAE DFT AlEelol oz 4u 9 59 2
2ol o) d5E AAY W-gHew wolw, MA/Hold I Lo U told BT eq/ckA W Aole] ol
Azhe 77} 35,14 H 6.86° & A

DL = R |

<, TPA-3FAE= TPAS} ofaE]d HEololE] Aleo] tholo|dEF o dl KoJojEle] AR & EA Fe4&=
I3l W 2 722 X0, TPA 2 cloldEEZRod RS HONO AALEs} BxEe] 9y wE

2~ 2~ o o }\
F3 AT £ 58S S & F U,

TPA-3FASl A& 5% 8& 54387 SAste]l 1T0/Mo0s/TPA-3FA/Mo0s/Al ] 22725 As 18§ 2A8om
Azstglom ZA437] $13ke] SCLC(single carrier space charge limited current)E AF&-3}e] TPA-3FAS] A
FolFEE SAsAT. © 1] EAE AFVE-AY FHJ-NOZHE TPA-3FAS] FFO|FEE 3.55%10
cm - Vo-s o8 ARHJT. F, TPASFAE A U R 7ES BT FIANE  de S4S JHAL dES

A<
& A

/}3}7] ;(ﬂ}—% ‘%‘7] %% 51'@' TPA- SFA/] 05751, %%?ﬂx—i, ;37151'6—],‘75, ‘jk] O]%E E]]o]g]% 3],7] I loﬂ 7]ZH3
o:h;]_
% .

2% 1
TPA-3FA (214l 1)
a)

/T, [C] 445/158
N [nm] CHC1, 8- 292,366

Ehs 292,373
)\emC) [nm] CHC13 %q‘l 431

ke 431
FWHM [nm] CHCl; & 47

ks 51

)

Egd [eV] 3.0
o & 0.89

et 0.81
" [us) THE 8-} 1.13

et 0.72
HOMO® [eV] ~5.25
LUMO [eV] 5 5

h) 2 -1 -1 -
p femVs | 3.55% 10
UT6A 2 DSC ZH oY Ao, "W-vis F4 ~FEEBE FedA CHCLEN/LE A
o 23930, 9 sdshe AedA ol /88 gae SPE Tgw
AA RE," ) W-vis &5 ~#Eee] Adonset), B, = - 1200/ ©2E A
Q. YR A 8 (d) e LO/WE guolA ZAF AT (e JeoA TH &
A/EE FEHE SHHUG. “Homo e CV =42 7hA] Akl (onset oxidation) &ZEFE
AAARAIL Eyg = ~(Box + 4.8 = Breprer)); LUNO @& HOMO 7k R E,” 0 23E] A2ty
o ) o

Ao = B, + Biow). AT o|EEE SCLC Wil o2Re F3990).

7% (Electroluminescence) EA
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[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0144]

[0145]

[0146]

[0147]

[0148]

SES5 10-1948789

[AAd 2] 2 o] f7) &3 3135 TPA-3FAS o|n|E &4 o] &3 FA F7dFaxe] Az 2 E4 PJr)
ITO/PEDOT:PSS (30 nm)/TPA-3FA (30 nm)/TPBI (15 nm)/LiF (1 nm)/Al (100 nm) Tz AAE A ZSIATH =
12]. PEDOT:PSS ¥ LiFe 742t A3 2 AA FUSo2A, FA4F TPA-3FAE olu|HZ, PRI+ AAFHFToZ
A A8 A

7] AAldl 101X Alzg TPA-SFAS E33o CvER olgste] FrIedaats AFtsilnt. frlddadte
2] 713 Aol IT0 (indium-tin oxide)® FHE T AT 7|HS 7)3to] AR T, A7 102 IHEH T4
A= 719& 7434 A (photoresist resin)9f o HES o] &sto] mA7bE T4 o] 8319 olvwrtg 4%
T Al ARel  AAEUTH. AI3FEFToEeE ARFuEAR] EYHedA  FEAD poly(3,4-
ethylenedioxythiophene)-poly(styrenesulfonate) (PEDOT:PSS)ZE 30 nme| F7A=Z FH®E3 3 110 TolA <F 30
i 52 bakingst3iTh. TPA-3FAE E==2wlAle] &aAA Axd &N& HTFUSF o =2WAYSHL baking

[e)
A Fol AF LB oA &8s 443 AAsY 30 nm FAQ HFFE FAAAY. 2o AR dES
golghAl & 4 gl TPBIS 15 mn /AR AAdEs=, 225 AAFH5< 1
uhubs FAH o R A & AAEel Al A5ES 120 nm FAR FAPAIZ O
AFFHS 9% AFEE 4x10° torr ol8HE FX5} 3 53
A4 = crystal sensorE ©]83le] A3 WFHAL 4 mrolal FE gL AFA
voltageE ARE-3}A .
A7) AR AR AF H-
o Alo}"*ouﬂ EQE o) 3=
Aee 37l & 20 71A AT
AAd 29 AAbe] B AN, 3.74Vo] T}, PEDOT:PSS/TPA-3FAS] Ao HAIE & & duz gHe
TPA-3FA9] & HOMO dvA] &91& FE3oH, ol AT FYS FHAA I, & F5UT
AN 29 2249 Hu) CE % PEE 27 3.62 cd/A 2 1.90 Im/Woldth. AAe] 29 &A= (0.153, 0.045)9
CIE 3%, 433nm9] EL,,, 2 4.43%2] FHd EQEE YERtH(E 15). AAle] 29 2#b9] EL,,&E PL =204} 5
daton, ol thE Mol FAHF = A5 A = ArEZ 2(exciplex) FAJo]l AAbolA HAYEHA]
RS RHAFU. olgld $39 eudt A= A uEAA VAEHE AR, AAd 29 2 e
CIE y 331 0.0455 7FA3 glof H|&Eg &HFAHE o83t ol Bud AL 3 538 & F AN

(946 3] 2 agel 7] WA ST TPA-FAS WAFe] ERERA ol§F P flNgade] A% o

A7) AAd 194 A Z2E TPA-3FAS w0 TREZ  Ho Wic S zh= PARTPIE ST AEZ AL YA
F7 G2 A &S

ITO/ PEDOT:PSS (30 nm)/PAmTPI:10%TPA-3FA (55 nm)/TPBI (20 nm)/LiF (1 nm)/Al (120 nm) F%¢ A2 A
2bst v %= 16]. PEDOT:PSS 2 LiFE 247y A3 9 Ax FUZo2A], TPRIE AAFEZoE2A] ALLE Q).

A7) AN 1014 A %% TPA-3FAS W3] “RER | PANIPIE T2ER o] &3l fr|ed4ax2 A28l
o, f71ESAAE 8 713 Aol 1T0 (indium-tin oxide) 2 Z¥W 3 9 A= 73S 73] A4S 5 A
7] 1102 =¥ E F9 A= 73S 734 424 (photoresist resin)9} oHEZ o] &ale] mA7}y F4HE o
f3to] o FAI F oA Ao AASAT. AeFUToRE AEAuEAQ] ZEed FrAQd
poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate) (PEDOT:PSS)E 30 nme] F7= Z¥Y3d & 110 Col
A ok 308 F<t bakingdttl. TPA-3FAS} PAnTPIES ol g|7}x] HASHN 2 FEadAlo] faAA AxH &

—

S ATFYT Hol ~AFY3IL baking A Fo T o8 YolA &ujE &3] AAS 55 nm FAY T
BEE AT, a2gn "R dEs golsiAl & 4 dE TPBIE 20 nm FAR HAAAEFOR, g1
AAFAS LiIFE 1 mm FAR JAF5or wuhs Fados Pt & 7H}\‘:°] Al A5 120 nm FAR
PN 458 s7)gads ADedrt. ATELS 98 ATRE 4}10° torr ohR FAGHA E2A]
A vteks AT, SR A 2 2] AAAE s crystal sensorE o835k 2L ‘jel%‘?i@% 4
mro]lal FEAYS AFHAY R forward bias voltages AF&3FSIH.
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[0149]

[0150]
[0152]

[0153]

[0155]

[0156]

[0157]

[0158]

[0159]

[0161]

[0162]

[0163]

[0164]

SEE6] 10-1948789

A7) Z2E PAnTPI= Dyes Pigm. 2016, 134, 315.°] 71A1E Weidll whgl Azsh3l).

QN Q g Q
N O
D PAMTPI O
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