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A 20 A B2t 718 WA S 83 3/ AR A ] tigh A& Q) Tl &gt Arghsol 218 =
ojg¢kon], 11 A3} {7 wgto] 2 = (organic light-emitting diodes) 2] A3HE BHR2 G7] HFAA]
(organic photovoltaics), ¢-7] E#A| 2 F (organic field-effect transistors) 5-& H|E3F -4 HA}-3-3Hsoft
electronics) ] o] glojgitt. 3] 22 77| ¥HeA| 2A19] 7R}, T1of whE 315hA AJaat Baprzx 9
Ast ols B4 18, & % M) 7Rt F871= TS 913 F W2 A} ol SAl ol o] Fo A et
7] ERR| A 9] 7B, As} olF EAS Bk 7HY F23 84521 28} o] 5 (mobility) 7} 200 W A A
T4 10° em’/ Vs Hxo] EapHom, o] §7] ENAAE Q] Z-g HUS AAE] $20] A= tA
Zal|o] WEHRI(TFT backplane) oLt Al A Fofl =3H=| T}, 3FARE, &2ofl= of 2] BEast =32 7
o] B E| 3 §lom, 10 cm?/ Vs 014 if$ & 4220] o] E S TEA HE S B E o] HA] &
Al HolF3 9t} o]= 7|&9] A Aa]&(amorphous silicon) A4 A& 4= 91=0.5-1 cm’/Vs A=
9] A5} ol =5 B Fof oA Ao, T 4 it = OLED HAE 0] 22 2 S8E= At
3H= WH=A| TETO) vleiA = 24| FIRA|A| G o)t maba ZpA|t) A& o] APoAE 7] ERA
2B E Z-83 20T flexible OLED tlAZd|o|7} /i 4= & A S & 7|tjdr}. tjAEH oyt of

axz ojalsy | Qlrys|
@ 2011 HrEitistn SiSIEsE (S 2011 Ehachdtn Sstgstut (S 2013 Heitieln S8aleigals
- 2013 BRI S MAHSSIR 2013 ARy I (BIAD
- (MAD LiH0| 2R E RISk 2015 BFARY S MAHSSIR
D 2013-3n TEIBLIR AAKHESIE (S (A
(SpARRS) 201328 BFRRY A MAHSSIR 2015-2ix  BFAel | NS
(SAMIFE) [CAES)
yz =8 ]
2005 st EEEH (SIAN 2000 S=stn StekEstat (S 1986 MSthstn 3Ystst (S
2006 st |89 AATIRSIE TN 2002 AET a9 NAR|ZaIE 1988 MSthstn B3t (M)
i (MAh 1989-1991 BI=a5(7 [&0H2d (KiST)
2010 LR &3 AAESE R 2005 LTS AAEEE 1997 University of Massachusettes
(2rAD (H4AD Lowell T2XISS} (HiA
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2012 Northwestern University (Post-Doc.) Lowell (Post-Doc,)
(Post-Doc)) 2008-2009 SZFISAITY (ETR) 199931 ZFDa7[S8 AlARESIE
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Yzt 771 ERALE = 7] BE=A| 2207F 7= =53
3lekA E]2] B0 = Q) 215 35t AllA|, vlo]e AlA,
FAA, glolA Folle F5A o842 4= Slch EZFRFIDL}
NFCe} -2 22 =20 QRS = v g v =e],
flol2tE vyl 58 A H=A] Aol 28
Utk

o] i3t XgE|o] AREHIL Sl= /7] WgTho] 2
L= 7189 HHYAEF o|(LCD)E thAlste] A& o]
Ao s ARle 24 Ao 7w AR EAf=
T2 71&9 17 715 ol A=A Qo a8 A2
(polycrystalline silicon) 7|5k EHR|AE|L} F2E AR
517] wiZoll 3= vl fAE o= AFUW ol oF
A ] Itk 7] ESHA|AE = 7] W Tho] 2594 4
AR 71AIA AdEo) Qlon, AT Seho] L%t 5
A 71& =9o] 7hssl 7S S8 e og A7t
A = Sl RS 7R3 Qi SEANE BRIt Ve
Ao ESHL 98] FE3] & s} ol 5=t W2
T A%k Adol o 8= glon, A7A B4
o|Q]of| = U3 22} AT, P A, A E 2719
T 5 HO 2 o]o} T2 o] FAE0] A E oot v
AR} 2:7}0l| -8 AAE AS8) E 5 & Aolth

o|& {Iste] U~ 29 AtRIoA Tkt FA|LL ke
2 A side gt A5 AF Folw, 53] 1459 1+
7] WA 2 A 9 A71A B4 SHEE e e S
|71&0] gt A7t == o|Fo] AaL itk 2 7| LojlA=
/g5 F7] ERR|LE o Z-8517] Y7 A7 1RE=A 24 7H
gl A7) 37| 7idol] thgh 2| A 53 U i ek
of| thsto] =5tarx} gtk o] F s 249 4 (polarity)
of| wet p&, n¥ 18]l =5/ (ambipolar) 7] HF=A| 4
] Z o thste] A B, o]9f 2 4axjo] £
= TS 5= = 378 71sdt 3-8 Wil tisto] A
Rz} gk

2. 28
2.1 p— YR ATiel HE

AR AR E() 549)2 oFel 2t n-g vh=Ajeh
() 549)2 olFel ot p-B WA} lew, X571
7 18RE HH=A| Eotos p-Bo] n-JEe B Hol 3

=

SI=1| er-lgér

=

2LS o

Sk 38R p-3F 77 [REEA|| 2= pentacene, oligothiophene,
thienylenevinylene, thienothiophene™} -2 F=% vgF
= 381E(fused aromatic compounds) 5¢] JILHIH 1). =
71l pentacene T+ sexithiophene®} 22 25 RIEA|
gAF0 2 =] Yot FF5ZH(vacuum deposition)
< o83t HEre F/4Jstiom, thiophene A|Eo] 4
o AAkeE =5t &8l=E FHLEN 8AFH
(solution processing)= F¢+ BratgAlo] 715314 =3k
E3 2o Aol FEE THsI9le BH ELY
(physical vapor deposition)2 53 dFato|u} THA 4 (single
crystal)S FAsh= 5 2RSS A= A7 HSE
ojgirt.

p-8 &+ 1EA AR 2= F=9] Chinese Academy of
Sciences®} China Agricultural University 2] 3-5 A%l
A] diketopyrrolopyrrole (DPP) 7|9k2] 353421 poly]3,6-
bis(40-dodecyl[2,20]bithiophenyl-5-y1)-2,5-bis(2-hexyldec
yl)-2,5-dihydropyrrolo[34-c]pyrrole-1,4-dione] (PDQT)<}
poly[2,5-bis(alkyl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-
dione-alt-5,5'-di(thiophen-2-y1)-2,2'-(E)-2-(2-(thiophen-
2-ylyvinyl)thiophene| (PDVT-10) HE=A5-0 2, poly(vinyl
alcohol) & A A (dielectric) 22 =5t 8o FA0|
7Fsd 110 em?/Vs2] B o] 5EE 71 44 §71 =
ARNAHE FE5F T E3E High-k dielectric e 24
n-octadecyltrichlorosilane(OTS)-modified poly(vinyl alcohol)
(PVAYE =AU =X, 7]E9] &2 -5 U(-60V) ol 12
olFEE UEIWH E4ET 99 W2 AU (3V)l
A e o5 =] ERAAEIES B USHEATH LY 2a).!

TR AT A= 7129 D-A BHRI(AA =79} AR}
W) ] 23} 9] aEAtek= D] 22 D-DEFY (AL 74
25t o] Fo|X Fe) o] EA ] LETHYS Fofsto] £}
o] vlEE 2= Fasrzlen, o|= Qlaf 24| uid
24 o] Hste] vl HEA SR S freste] ol
714Ee) R A2 2] 391 em’/ Vsolehe & A3} o5
2 B33 2b)2

FHALE B9k ol BAkge] BN & Hl=9 Z. Bao
W A2 7HE BARET 7HA] siloxane 2 = 2|2k
AANEE 7R T 1EAO] H|wE E3) Si-O-Si bondS
YR siloxane O 2 X2kl BARS0] TR 2 43}
=8 Rofsiche A7 27HE B msielck 29 oz}, beta-

o0~ Q- <o

Pentacene Thiophene

Thienylenevinylene Thienothiophene

38 1. p-g A AXo| 2 ARBEE BRI,
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branched ZARE] 1|3} 7HAIA $JA](branching point)7} pyrrolo[3,4-c]pyrrole-1,4-(2H,5H)-dione-(E)-(1,2-bis(5-(th
FAAEZHE oAl zeta-branched siloxane ZASS iophen-2-yl)selenophen-2-yl)ethene] (P-29)& 3/ds}3ich
TS| WIARE S0la & A%eA El(coherence 2D-XRD 2442 F3ll 7H3130] © 7P/ P-249] H]sf alkyl
length) 2 712 HA] SR Aslols EAJL Wt 13 20). spacer”} ¢l 7HAI o] He| Q)= P-297} out-of planedi|A]

3, v}=¢] E. Reichmanis 7+=] @212 D-A-D-A" § (400)71219] 12} 9] v o] Yl Ae HaEksglon,
€]9] diketopyrrolopyrrole(DPP), benzothiadiazole(BT), in-planeof| A= ERR|AH o] F-2J8t edge-on -2 Y

terthiophene 7|9ke] J1E2}of| A3 (linear) 2ARE, 7HA1E o] I}t 1 A} |31 FFolsx 12 sz/ Vs& YEt
(branched) ZAE, 781 $JR|(branching point)7} 22 H Y= p-8 EFAAEHE FTHSIHH(E Ze)

BARES =A% AIZHA] LRAE sl R4kt 1 2 A2 fluorocarbon 7] 0|22 ]| ofsle] 735t L7
A 7313 Ax7F 24 ZAREo] X3HE 1A= 83 Z7Y(self-assembly)2 =5}7] 21610 semi-fluorinated ZA}

TU) 3RSl Bl A8 AR, 7K AARSo] B¢ &3 T8 3R], semi-fluorinated alkyl-polyquaterthiophene

H nEAEC Hlgf 2ufol o] & HARRE Byle, £ (SFA-PQT)E F/J5taL o5 ERAAE of 3-8313th SFA-
Rt BES FASITE T3 A 2ake] AR PQT= 27|29 @4l &Jste] A3} o5 vﬂ?ﬂ fibril %
-1 interchain stacking®™} 7FA| % 2ARE9] A =2 & B9 RE2X]E FAste] T At A2 $4 §lol= 0.36
=S A 7HA= B4 HolHA] Hslols=dl gt e’/ Vs ] 5} o g2 Lk 3tk E3tsemi-fluorinated 2

IS A RERAS e w2 BT 7P A R7eiRe b o 2 QI8 2 s 718wl

TEAS WEAR o834 o) A 295 cm’/ Vs HBE TR HEA] 28 B o83t FAE S e Y

OlFES Holt pY EWAAHE FASIHHIY 2d)." A% 54 o= ol AS 729 24 TS Y
o) &), A7), AR B FEATAL NG 20

BAsel kel 7 ARI7E Eojl= 7HIE A Y 2 9 =8Y w4 35 A7H2 naphthalene

o & B3 TS ZAREY YAPGolE U2 < spacer= :Bé}o}»— thiophene mdlgo Ago] A=A
A AAHEE 28= 3184} poly-[2,5-bis(2-decyltetradecyl) (PTIIG-Np)= RI=A|2 7dstal 1548 AAAE =9

R

a) b)
A\ N T 3 8
R0 s 7\ R 9 N s. sk, Sn n ,(_S\__U\ sz(dha)J P(o-tol); / \ s YR
5 ¥ DT 5 s IS Lg W s Sy Toluens, 110°C, 72h s” N LS S
i X S’ |
Z N, N\R o o
d r g

R=n-tetradecyl, P14
R=n-octadecyl, P18

PDQT, R=2-octyl-1-dodecyl PDVT-10, R=2-decyltetradecyl

. CizHas,_CyoHyy
¢ -¥e d)
_gl
,'\ NN
\ /)
® DA
s\ ) s F°
5? 12H25 CizHzs o \

N
‘Si— n
N\

pTBTD-5DH

CazHzs™ “CooHyy

g)

ey -

_________ = edge-on
Edge-on uni-modal 4 9
distribution on the éé = face-on

near-surface

a2l 2, (a) PDOTQ} PDVT-109| 3l X, (b) P142} P189] £ X2} &AM 1A, 2 (c) SiloxaneQ 2 X|&t=l HAKES 7IX|= PI2T-Sio sfst 21X 3l HM3H0|=
EM BAIE® (d) 713" Yx|7t EE_ ZAS0| =el= _T'_—.—X}OI kst X, (e) P—29—DPPDTSE9| stst 2x° () semi—fluorinated alkyl—
polyquaterthiophene (SFA-PQT)Q| B15I%, (g) PTIIG-NpQ| 3t5H8 X U AR} L EXP&I0| DAIZ 7 () PDFDT| 51518 X, Reproduced with
permission of Chem, Mater Copyright (2014) American Chemical Society, Reproduced permission of J, Am, Chem, Soc, Copyright (2011), (2013),
(2014) American Chemical Society.
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2 B8 2N TEE HATHO2H 144 e’/ Vs2] H} o)
L5 Hols EMRAHE /HRch &9 ARAA
PVDF-TrFE TEAS £-8-2%0A At 7574
2 =93] opslelEA TRALe IR GAA] FAA
2 2 23}0] 1 ecm’/Vs IS Hold 7|29] $7ub=A] A
BlolFEE 10 am’/ Vso Ao 2 FAAZITH 19 2g).”

IS -89 w4 78 wds FEdElE dithienosilole
3} difluorobenzothiadiazole2 o83 HH3 SIS
ZHe TR BiEA 28 U e S
L PVDE-TrEE-CTFE T4} ARE 2ajol] HEAA &
7| ERHAAE 2] As} OJFEE 9 cm’/Vso O = JA A]
FrH2d 2h).*

2.2 n—& HEZR| ATHO| 7H

$7] SR n-e] $718 SRR p-3o] HlaA
o 253 PYAL Uehflolgih ol o2 A
F459] YHoH7] WAl oA 2918 Hgke
§30) o] ARct §2lsl] hEolm, webq e
7% 2710] oo Ao 2 e A bk Teut
2|2l 11 33} o] benzothiadiazole(BT), isoindigo(IID),
diketopyrrolopyrrole(DPP), naphthalene diimide(NDI) 5-<]
ZApE N (electron acceptor) ] A|2] 7k L fluorine(-F),
cyano(-CN) 2} 22 HAFA| Ws7] 28718 =8t n-
@ =R 9] Adso] IA FFE oIt

R

e e

x

a)
R 0 RN o]
S N\ B So A I N\~
o N'R o° R F

DPPPhF,

R 0 RN (o] F
N F
S s B F SN B
\ /, N S \ / N S
N n N n
o R F 0" R F E

DPPPhF,

DPPPhF,

(R=2-hexyldecyl)

C) FFFFEF FFF

F
[ FFFF FF F

18 4, (a) DPPPhF1~49| 811X, (b) FEXoZ 9H¥|Xl(conformation locked) PPV A 2]
semi—fluoinated ZAFE0| =& TEX} (PNDIF-T22} PNDIF-TVT)Q] XQ} Zst xp7|xE o=z

=

DPPPhF,

HF 9l YR ES

=

2LS o

Y] YT W Ao A= Penylened] ===
F71& 3741714 LUMO 29| hag #jIst3ll, o]
of wheh - wEEAe] S40] o e ek 2 2l
s1g.on, 236 cm’/Vs2] AR} o5 =S BeIE 4= At
(1 4a).’

E3F F=19] Peking University®} Xinjiang University
9] 3F A= n-F RE=A A0S Hlsh ARSEH= 2
3} electron-deficient building blocks ¢! poly(p-phenylene
vinylene)of| 24(F)& £l 11 $Jxof wet A= o2
HEZ2A} Y5 7 AE BN L™, 7] FolA
= QPgeh g ERA2EIS FR5}0] 3170 am’/ Vs
AR} o5 =S 712 ST L™ 4b).”

229 w4 Ao = -8 /43S UER = naphthalene
diimide(NDI) ]| semi-fluorinated EAk&-S =51 bithiophen
o]} thienylenevinylene¥} 353415 A8t B840}
E=Q1% 18X} B71A] 7} fluorinated BARE 7H Q18|02 91

R R
WS Os_N EOONO
\
Y \
B ofo- i1 &
N"No O0~™>™N
R R 02 N"o
R

NDI

BT D DPP

a3 3. n-F BH=A| AX{ol] F2 AIZElE THIA,

b)

t

PPV

!

r Notlocked

000“1

FBDPPV-1

d) Ci2Hzs5_C12H2s
S. 1 '\
N/ T s \_/j
" N X
0
ic X=CN,Y=H;orX=H,Y=CN
Ci2Hz5 12H2s PDPP-CNTVT
Zoh TEX(FBDPPV-13} FBDPPV-2)9| 7&," (c)
SNE 00|32 TES LIERH 2D GIXD," (d)

PDPP-CNTVTQ| 3}8tM LX  Reproduced with permission of J Am, Chem, Soc, Copyright (2014), (2016) American Chemical Society.
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3 22 ARG o)1 73k 27| 2o 23] FAHE ulo]
2272 T2 stk L AT TEARE 71E A
Fo| 8|3 o d-3h AL 7o 2165 cm?/ Vs
W5} o} BES Mol nd ERALHS] S4E BT 3
T2 4e)."

7] 1, =8 1, 2T A8 2] 5
T2+ "aEd o] (flexible display) T8-S 912 4
279 &2 AstolF=s} S 7 n-F R lsRtE
(EekeE) HI=AIS Afdsiict Ae H2 f7leh
EJHASEY BFHA 5 Bol ARSEA Y= A= F shdt
1 DPPO]| nitrileX|@HAE 716 n-& S48 ¢ 22k
g 24 /LS o] o83 7.0 cm’/ Vs o] w2 A
slol =l PYAdE 7 n-F 7] BkE BEEAE AN
Shdr 1 4d).

2.3 4=24(Ambipolar) Ht=H| Axiol FH

B AF A% conjugation © 2 Q13 I MIENS &
3}, 0% B p- @z n- 2] S4o] 3 B0 LR
U=A] MR A S $J31e] A2 Fieo]=(quinoid)
FAE o) TR} 7] HhEA] £A1E A, 47) =
x| 2Blof| 2g5lo Y= 2AKE &sISITE Thiophene 7[F
9] quinoidal bithiophene(QBT)%} selenophene 71¥He] QBS
(quinoidal biselenophene) 2] &= £7-2] E2-& 24| 9] 4
31 7heket Aol AR ST Fieo| =(quinoid) T

a)
b) % N’CmHﬂ 9, N,cuH:?
!\ 2 S 1\ S
J Ney' N N
CuHyr O " " CygHly Nt':gH
18737 17
(1-C18)-DPP-(b-C17)-BTz C1eHy7 (1-C18)-DPP(I-C8)-BTZ
0 N,Cﬁl'l;;
I\~
7 \\ R
CygHys 0 ‘N{;H
8T
(1-C16)-DPP-(I-C8)-BTZ
C) 7\3( é‘f_ PTDPPSe-SiC5 film
o O‘Si’g (010)
AN ;
S. R K (400)
J's\ ) Is: - 200)
N = =200)
\Si/\’(/\};./ o AAN100)
oo 45 .10 05 00 05 10 15
,/S\\ /S\\ " &

ux

Ofok
°
a
2L

= WS BAE0] ols e dAHo] Qe F=2olH,
conjugation®] 3] & o]o}A k= §4& 7L 3l
o} ojof wheh Aol Etekal 242 HE 7S 744
o, Aslet 2kl = 7HA] 9] EAE Hols A Alslk
B4 Bt 7 28 25 Fol=9] o wet 1.5 eV
Aol Ao Wit g Hon, o highest occupied
molecular orbital(HOMO)$}the lowest unoccupied molecular
orbital(LUMO) o|UA] &= 212t 5.3 eV, 3.7 eV B=E
ZHe 2 8RRl si3int E3L BA; AlEE o)A 0|85t
Z}2Ake] HOMOSE LUMO e wjo] Az} 2= &
¢l gt A3 HOMO 5t ofyz} LUMO9||A &) 22} Fl=
(orbital) 7+ 53} o] A Apers] meA) B Hoigle
S 3141 BcH1E 5a)."

%F=r9] Henning Sirringhaus <=2} 5 9] o|A5F 1=
& ARl E AT 2Ake 7HAE 2AkeS T 4
Akgol sk BAVAAIE 3l BAkeS] ARt 2ETke
2 28 ke Tl AT 9 AR} ol FEE B 104)
of|A] 1008]714] S7HAIZ T ©] Aik= DPP 7]5He] TOP-gate
Fzo A 7H o ASOISE(HE 2.4 em’/Vs, FA}F 1.5
cm’/Vs) S Hol= 34 22 LT A2 HuEY
2™ 5b)."

233} wapel Y w4 FFATES DPPLF Al
#H 7|9ke] D-A Fe] 2] 3o} 12210 alkyl spacerE 7HA|l =
siloxane 3lo|E2]E AR =USIHT] DPPo| =S siloxane-

CizHzs
CyoHys CigHzs
C1oHz
Control of Ambipolarity
NS U\
y/ S

Hole Transport
(DPP-SVS)

Electron Transport
(DPP-CNTVT)

CigHzi™ "CigHzs
CiaHai™ "CizHas

10 100f oo
— L] Lk 4=
@ gy a
; =
= - 5 10
E 4 X g
(5] ; ® ]
= j ® =
> E |
= £
= =
g #®- Holes

0t & A Electrons 0.1

a7 55 73 91
CNTVT:SVS ratio

e a7 55 73 81 19
CNTVT:SVS ratio

a2l 5, (a) Quinoidal bithiophene (QBT)®} quinoidal biselenophene (QBS)2| 318X (b) DPPQ} benzotriazole?| ZMTEXIN| M2 CIE ZAISS

=

QI8 DEXLO| 515X M (c) siloxane—terminated ZAIAS A 5151129t PTDPPSe-SIC59| 2X1ZH 42l ™ (d) CNTVT:SVSO| &t5H8 x U
TMH|0f| IH2 E2X|AE MS9| H|m J2iZ."® Reproduced with permission of J Am Chem, Soc. Copyright (2013) American Chemical Society.
Reproduced with permission of Chem, Mater, Copyright (2016) American Chemical Society,
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terminated 2AE9] alkyl spacer®] Zo|& 2A3sto] =4
ARE7HE] Ad, intermolecular interaction & A3} o] %=
£ 23} 319k 1 23t alkyl spacer?] Zo|7} AojZd|
w2t 27440 STt S7IHR ™, ERRLE Axfo
A A A} 2Rl 2% A 5SS S, AT
2.92 em’/Vs, AR} 1.13 cm’/ Vs Q] oS EE dglon, The
EOA A AL L] =5 17k solution shearing
YEA UG o] A 8.84 em’/ Vs, AR} 4.34 cm’/
Vs2] gl Mo 5 =S ERISHETH 17 5).
2e8) 12, 1289 40 V) B4 BF
A v &S AU 2AeoRA P4 SHE ol
£ EURIAHE stk HAolE T poly25bis
(2-octyldodecyl) pyrrolo[3 4-c]pyrrole-1,4(2H,5H)-dione-(E)-
[2,2-bithiophen]-5-yl)-3-(thiophen-2-yl)acrylonitrile]
(DPPCNTVT)o] %9l ¥|9] 0.0, F0}5 B9j] 24 DPP-
selenophene-vinylene-selenophene(DPP-SVS) o] =Q1=]$]
t}. DPPCNTVT: DPP-SVS H|-&-& 1:.99)|A4] 9:171x] 243
o2 747} pi i no] SAR E4E Lreron, 55
o o A3} L HF ol FE BE 3.0 cm’/ Vs ol 7S]
o=y EUR|AE ] 5412 BeTh2Y 5)."

N
~

1485 77| EHXIAE & 77| HAE2 P

459 7] ERAAE 9 o]E Tlkow she 1y
a2z 7L Ao oA Al ok S
SRS 7HA tlekat 80| o] BAolct. ofsh
£, &2(source) 2} EF2](drain) Afo]e] dAo](channel
length)S4~ 9 &3t A}t 39S I3t HS A 3H(contact
resistance) £t I HoRE S|RojlA AT 4 Sl= 7
7|-8=H(parasitic capacitance) 742} A A5 (low voltage
operation)S 3t H2 & (high capacitance) %
W 22 G7-50] FHEEfoF gk

-2 Ad Zo](short channel length)+= 1 Hx}5] 27}
o SE2 Q) Yole] 325 Aok sl Yo 270]
2} 8 4 QIrk SR ob7A) ofe] Aol T2 4= 4 vt
ola2 T9j o] Ado] ARHAL e Aol tigel, o=t
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