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471 ME 7 YL PET 54 219, HA 3ig ABoAE

A7l Al 2D A2 B, AR N-7)8F 25 F Aok o subE 500 ohms/square W 9] WA S 714]=
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471 ONT-719E S22 Febg, &, B 23 2dE Zrek SastEry, 234 gow 5538k Aol

5 Hae Aol A7) Al A AN SAEES star, &7 Has 7] AL A AHSAE B AT
H

(i

A7 AL A ASAIESY AN FE F A7) 9= oF ¥ o] e EAE, A dcle]l v Y
MAAE ] o EAHA FSXA =, 7] Al A AAEY 38 A4 [l ®isd vdsh=

PHow, ) Y ANAE e &Y AT e Hgte] WMEsES s
|

doe 4wy ANAEe &9 AFomrEe &9 el sxste] wAH, 47 28 AsE Holw
47) 7% Aol wek w0 7] 24 Aol A Aol A ¢ls]a;

471 2 ARAEE 7] A AMAHERRE seder EeEe] i, aela A7) 715 da7h Y
A ANAIE 7L obd, 7] AL A A EE SAE S ] R
Al

A.

S (carbon nanotubes; CNTs)¥} = 2lolo] EEAE (nanowire
FYE (transparent conductive coatings; TCCs), @ o]eo] A%
o] Jeojo] A= fa H/EE o2 7w o duys 7t

3
A9l sletd £9 W/EE FE8E 59 0w om MES T

{0

dhch, Qo) AAdsel glold, O WEE FAHD aeln A B JsaE 5

B £ W/EE S WEE BoEoR §%E & At pd % 0¥ F EREse 2wy g 4

ANEANA AgEh, gl AAEe] goiH, & R/EE T e SfolojEe, oA Hol, WAZS o
[e]

=
=
FHE UeRE (NDES 259 93 d71%, 384, 7144, 2 354 5§
of g e EAEoltt. T gHA o4k (NI WIEAE 7|23 =us
CNT networks above the percolation limit)e Y29 $8E FolA] Hoju <l
oxide; ITO)E AZde= HAE (stiffness) & 3484 kg z e {3k 242
ZEE (CNT nano-mesh films) AFAHES Yeldlo], I®EE 3

2 (bending), @ W& (deformation)o] ¥H7| & 3= 7|

AES oPlete B AEA
(Ultra thin films based on
F-74 AbstE (indium tin
55 7PAY. NT ve-mil 4
(acute angles), =

= =
- s =
249 4 drh. 29¥ 29 (modeling

work)2, CNT EEE°] od& £, 47 UefFr2E HEY mdsEdA uvd 2 =73t a3 (field-
enhanced effect)® <18 3184 A7 (chemical treatment) 2 A 7ol FYLE Ealo] AT £ &=
Az EAER F2 FAHA 4H- dA g, 19k

3 £S5 AT & e AS YeERIRY.  1107F n-8 A 9H
2 ONT 35852 =349 p-¥Y 4 3, 1.5 nm o|e] RMS A&7] (roughness)®] =235 7f
XE= o
==

2]
qo
oto 2ol 9 AF (injecting hole) =¥ o= (anode)® &= < 9t}

heet conductance) @ FwWA (transparency)® #Ho|A] IT0 BEEo] (NT ZEES A3
& 0]

(s

fFreaxgta, A2 vE A7 (potential cost reductions)¥ A A7lo] Ad73H FHEC] 1109 F4 A
LA gt R2A R YxfFH FEEY &8l Qo] AEd ANE By o IR 7gEd F-&3)
7] 915te], ONT EE5L Y& WAgoz AZHE (coupled) ¥ FHAS HY lE ol gFS A IE
Eoll digt Fygd 2 HAY Alelo] @A) AF HAEA Z FsHH AEAe HE 04/ 0o Q3] AL,
o] H& gro] UukH oz 71 nld RS EE Aot

ady, AS7HA, A 7es ONT 34 WHES g9t 7124 E (chiralities) FEES ity E3EE
(poly-dispersed mixtures)= F53lH, 139 oF 339 12 =AY FAES 7HH T4 eltd (of which
roughly one-third are metallic with the remainder being semiconducting.) &3 FEEL F& g4/o0
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ot 3% WEZ" (performance metric)< WHEA] THES & FI (large fraction)e] F=2 AR, ZAa,
ol#1g RtmAly FHRELS T3 A7) FRES WMEY (bundling) S dovx, 7] & UEHAY A A
< S AEE Y

71 ONT ZEEo st 0,8 LR #2 A7) H59 dxo o&Esy. &1 sHAE AL 33ste= (Just
above the percolation limit), ©] k& 550 nmol A 1.7x10" S/mell Al ErlE=d Aol Qlar, wHiAo| X F74A

A7) AR AN AR 5%10 S/me] A gtk T, A% AIGES (industry specifications)S 90%
Hop 2 AF 2 90 ohms/square Hut} 2 WAEES g9t o3 gES @S] 84, shue =2

<10 S/ng EAsHeA AT F Ak AURE, AAZ, 0w 00 MEO] FIIES A

gg
N
u
rN
k1
ki
N

Ao} Az an BEES) A2 Fde IR AL A9 lERerid et sine A& DA A Ao,
%’E‘iﬂ' TZ UH‘E“OH /137]1]:1‘ U:?S]' A —/] = ‘]l:é’% %7] T

gige] g
S dst = HA

e H/EE UE 7 A gquAds vtEdy FdE e N7 5] A shehe = g/
= 3EslE B8 uss sl =HFHEE (carbon nanotubes; CNTs)¥ i ofojo] EFAE
(nanowire composites)S ¥ 3t&l= dlWA £y AEA FEE (transparent conductive coatings; TCCs), 2
olo] Az WHES AFT3.

ﬂl‘ﬂ

HA 9] djd T

2 o] glojo] AAELS F 7|HE A vx-H4 (NT 2559 3, 53], g2, @& A (low iron)
e 54 4t A3 §7 (1 ron free soda lime glass) “‘/JE—'C— =

o} HRAYANE /4, 2~EE, Y E, A9Z do¥E 5% 22 & K

(1) NT-71%F 559 A< steba =g g/t FudtE 83 oa/ 0o MIEE (metric)S FEA7]=
A

el A% TFsd PerE

3} AAd S oA, BSdxzE AgEd.  FE 7] Algdd. Al R UxeFE
(OND)-718r AXA Zo] A7) fe 713 Ao AAHA R T 7Aooz X9, Al bvhes Zo] A7 A
1 ONT-71RF A=A T3 Aokl |k, Aok shue] &4 T (absorbing layer)< 737] Al %A T Ao,
ARH oz e pEHez xHEY. A2 o] 7] Hom slue] 4 T Ao, AFHow ke

i

Aoz YAHETt. A2 (NI-7]8F JEA Fo] A7) A2 wxA] T3 ZFekA "k, FH 79 (back

contact)e] 7] A2 INT-719F AxA ZF do, AHdF o2 = o2 A Y.

2 o] 9l

Aol shite
=
=

9 Soll oA, Fekd tiulo]l~ (photovoltaic device)7F A|FEHTE.  7]Fo] A
FdbAd wbak= (photovoltaic thin-film layer)o] A&dct. A1 ZE A2 d=E0] A
CNT-717F Z50°] AFdd. 47 Al 2 A2 INT-719 S5 27 n-8 2 p-F

2 g o] Qoje] ArjoEef glojA, HA #ld AEAAEZ (touch panel subassembly)”} A|FET.

7]\10] xﬂ%’—‘ﬂ_ . Zﬂl = o, gj_g:_xo% CNT—7]‘?} éo] /R1-7] g] ] /K]-oﬂ x]x%z% o7 = 7}14z4 o7 xﬂ_g_g_

o}, W3 7% 39 (deformable foil)o] AAH oz HagPsta A7) 8 7|37 o)A (space apart) W
2 o
0

a
7be sd® Algdd. A2 £, A=A INT-7]uk %01 271 HE 7hs 3 Aol AFAew e

0::

=
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[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

=545] 10-1861862

omn

2 AFdr. Yz=Ede] (I AA=R ﬂP o] CNT-7I¥ FE& X8 F Jdv)E Xk HA g o
87 (touch panel assembly) HEZF o] oo AN dE AFE 4 drt.

2 o] Qojo] A& glojA, 7|Fel| s A AE INT-718F 5& E&sh=, dlole/H2 glo] Al
oh A7) ONT-7)uE Ze] o) RRo] o] Wl/Zgk=nl Halo] v W/El [ 2 o] Ay REo AERE
& AaAZg

Houbg o] glojo] AA|d 5o QojA, HA} tulo]2 (electronic device)?] AZWHHo] AlFETh. 7]do] A
F A Bk, 7] ONT-

= O = :—g—
ok JHE Yx=F/E (ND)-7]8F Fo] A7) 713 ol AlgHct. 7] (N[-7]dF Fo] =3
=]

Hodbgo] olojo] AAdEd glojA, Wz e T A K (refrigeration or freezer unit)S 93 &
(article)9] AzWHo] AT, A1 2 A2 AHHo=z PPt oA %a 7IRES AT GARA,
A7] A1 N T/E EE (article)?] UZe] AZHZ 7] A2 /1R 7] BE 2o AFHAY. A7) Al
Q/EE A2 71RE9] sty o] Fa BWE A A7, s o]t -le—”é A% FYE (transparent
conductive coatings; TCCs)©] HlX] (disposing)®th. ZHolx 7] Al & 7] A2 7|#E0] dxoz HH
J5H, (AE Eol, 1 Holl 7] st o] 4] TCCs2) "k, ZHzhe] A7) TCe A= shuhe] NM-23 5

< g3

2 o] Joje) AAdEd glojA, #d AlA (rain sensor)7F AFTHT. Hom A1 E A2 A FNHAH
585 et A I2e, Jox sy INT-718F 58 xsbste 71719 %7] A ANAHE A= 9=
S (window)9] 95 %W Fe] HF7ldl wsich, A7) A 2= %7 A1 2 A2 A AHAEHES] Aok
3lite] F4 (charging) % %]

2 Wbl (discharging) & Aox s = 6]-% T shte] wHF A o)A E
(mimicking capacitor)& ©l X3dtt;. 7]E HZ2 (writing pulse)© Hol:= ”7] Xﬂl Al ANAATEIZE 2
HEF tal, &7 H2 (erasing pulse)® 7] A1 A AHAEH L Ay

FANES @k 7] AL A AT A4 A= F (i) 27 AEel 943% ] *u (o) A9 =
A=, 7] ERlel 7] 2w AsiAIg e dEd ExjskA] FeATE, 7] Al A A E3 A5l
Aol el Wgel wldshs WHor, A7 B AN F3 A=A de] MEstEs gk ]l
& 371 B ASAEe] 7] &8 dFomAEHe 28 ATl 7|xste] gAdn. 7] E9 Az Aok
71 715 Hxo @ (end) R 7] A F2e] Al (beginning) Abelell A ¢ldith. 7] B AuAlE =
4] s d, 4

ugo] g7

Eodlg o] 9loje] Ao ELS FHE U=FHE (carbon nanotubes; CNTs)¥} = ¢}o]o] EEAE (nanowire
composites)S ¥l A2 T LA FHYE (transparent conductive coatings; TCCs), % o]¢] A|x
WSS Agaty, 283 B2 g4/ 04 FES INT-7IWF FEES A2 <) 38ty w3 W/ S

Foko] AT 7 drh. AV B 2/EE S gdA 38 A|IAH A, o E B, f8 2/EE v V)
e A FdE 5 Aok Ao AAdEd JojA, (NI BFS FEEHL 1ga A s VssE F
g = 9/EE & 9/Ee FYEeR FuE 5 oUnh. p-¥ E n-Fo F EHEEL 2 4w & T4
A5 AFEE G Ak, oo HAAdEd oA, & H/EE UE Uk golojEL dF B0, UATLS
o ZAEA7I7] 8, AFE ¢ vk, doe] AAAEL 90% 7 F3E (visible transmission) ® 90
ohms/square EFl WlEZ E(target metrics)oll <A AY (approach), Lo o]ZAL (meet) E& %3

(exceed)dls FHES AT 4 AUt}

_10_



[0017]

[0018]

te A5 FRES, RUEG B dAH Age] wgol HE ANdE Faett PAT A
- ﬁ

Zh, agla g g olsE 4=

T layx B4 ¢4 AxF"E FE (pristine undoped film)e] Y8 &9k ~AEZ (raw Raman spectrum)<

Avs)

= 1be G 2D JIAES YERL, 25 FE59 HES 5d AA (graphitic lattice)d $HAE=9

EE

= 2a% #2 2 e ONT #E9 A} AxF duld AlX(scanning electron micrograph; SEM) ©]t}.

H
Do
o
i
(e,

Ao ugl, YEYAZF oF 482 19] 7153 A3 Zo], ONT ¢to 2 WEE (embedded) &3
PEDOT/PSS9] FAF A=} @w)7 ARzl (SEM) ©]tf.

T 3a= o AANdo ot AzxE 2 9 S0, sEtH oz NAE WEZE 25 (both as—deposited and H,SO4
chemically modified samples)ol] Wial 4% 449 (thermoelectric power)e &%= 2FEAS YeldT]

= 3b

als

A A oo wtE, °oF 1050-1100 cm-1914 SO, 7] (group)ol &3+ 38k =38 yelWl zs|A= FTIR
A Eg do|gE YERdT].

& Be & e A Aol wet d=gE (NT BEE ¥ =" INT 55 AleldlM e AZES Yehll=
XPS z#j3zolr}.

% 4% 1.7 mm WFEA] o]F-¥ FHo| thd AE] DX (density of states; DOS)E YEE ZF3 tholojaH
(bend diagram)e]t}.

T 5e d AAde wet Axd AdxgE, =89, 9 53 =39 ONT daEd digk Tvis vs. Rs %S U

Ehiie,
%68 Q AAde] e BehE W/EE eom FFH) AW ANA ZeAAE Adet AEelT.

=72 4 A met Axd gdd AEEel e Zo-3est ¥ £2E-3HE3 (pre- and post-
alloying) 7HA F3h& 3 WARS St A=

T 82 Ao AAdEe wWE (NI-7]8F FE5S 288t HX 2399 Ay ghdzolt),
5 9% 99 AAd S5 mE A dolg /W 2AS A g dAlY VEs AYete oA =0T
E 102 ¢ AAde] & CNT-7|¥F 'S X g35l= OLEDSY] oAl whH o]t}

T 112 9 AAdEe wE agd-rw FES EdeE Hgg 2 fule]2 (solar photovoltaic
device)®] 74 A Lo|t),

E 125 o AAde mE ONT-7|9F YA

it
Ja
oo
SE
ﬂ,
o
Ja
o
fru
N
q
ot
o
N
e
%
2
>
)
N
i
tlo
T
ful
=
rlr
4
R

i

=132 d Arjdo] mE INT-7]E JAE5 A48 3 dad B/Ee g or V)edtety] fdl drld TEs

u

5 14 4 AAde w2t Az & Yy fojojseo F3 HA dv|F A (transmission electron
microscope; TEM) ©]t}.

wgs HAjslr] gt FAE Q] fE

FHE Y5 Ee] a9 f4d YEJAE (random meshed networks)ZHE wEo]7 vlotE.o thofst £ 7]
I A AFAHoRE FAEE B, FUHA FEES 15 dE £, OLEDs$ #2 £
FAA] gupol2Ee)] ARRET] ol del Hesith, v, ool HAAHELS, 83.5% o] 7HA T3 #@el
A1 100 ohms/square ©]3}9] FAAQ HWAEE 7pA]= A E 2 s or NxH oF

w

|
el f9-F3E Frogd ety AR, obg] AAlE] Jled AAF, AV JHE Yx=REES Vs
E 39e 944 2= SHES o]&sty ATd = A, F3 28 (weathering) W THdE zxd IEFE
o] BHa & EAE HIELS SEM, XPS, IR/Raman % ¥3F F3& SHE o]&3= AL E& A4 5
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[0019]

[0020]

[0021]

[0022]

[0023]
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k. qdole] AAelEe EF fel gl =P wES 85, F, WE Y telol (fast defosging
device)o) €34 A A4 AFE % /154 aYES BRAL. F Z9EANA, oleld ARES Foeol
g wA AstEEel W A sbsd derEel Fsae A

L Fo S (clump)dtr] gk AFgFom AZHE A HE YeREEY A 54 EH #4844
(workability)& Algste B2 Ax AEES AT Aw7HA, ATFEES ARty oz w7]-H#H ol
(bucky- paper)i AolEi= o7} HolH Ao gFS JHE UnRH wESS 43517 98 FHE YnFHe A4
S5 R-F o3 WY (the method of vacuum filtrating aqueous solutions of carbon nanotubes)= ©]-&
ot :’—Eiur, - Al 22 FHE AfololA AijHor ofd whlaws 3 o] HAS A
A7) Aok, 7] FHE YxefEEdd 93 AlTd A8 AAES 48] &85 S5k, 4] 258 T
g Y FE A4 wdsta e Fx7F upEA st o] Algke] t&ste], oo AAdES FEdd o
3lo] FhA 0l ALg7LEe FA-AA kool Ay] (NTe §=A3} (derivatizing) @ =% 7}5 (scalable)d}
3 % A% (throughput)ellA H7]-38t4 47 F4& 2T & e 2 &% 39 719 o8 &

gol St

5ﬂ0ﬂi%2i¥H%@1%Eé7vﬁfﬂ%§(wr%H%%EWHWDﬂ%

|~ 72 3 AEF °F 1.4 mo] o iFHE (SINTs) 2 o] olFH
lels, Ui FHES EFES A3, oy Y FHEL Fstxoz 7} =3
Ak, o]0l A7) AR AAE (NTs A-A)
sonication)olA] & ¢tom AHEAA Y Teo=w J}
ol (onto) Y= & (ink rheology) ¥ F®W A& x4dsto] Ab
BTAC, DMF, NPH, %/%& 7|E 5% %338
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9 M HS0s Atell GaAY 7h2 7)Hke] £ESE X EA ]3:3}“‘1, ORL AAA
A2AZY, Y FH 9Es 9 {8 73 Alole] HAH S st e 0}‘4?/} =
S SIA17]17] $18Fe], 3-5 nm A PVP TFA SHIAEHLS (NT E5EE 54 (encapsulate)
& o]&3to] AFHETE. ] A Ay i gtE25A 9S00 EFE Y9
ZAHE (super-acids) “golgt dA|d AaEdA 7] 55 75367
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B k] v e APl BE¥E AEE waske A% F/
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film) (& 59, 94 (burning away) SoZ5FH)S ) %;f ALSHE
A AbstE, AdYE ZeE, A2 AHdsE, A& JMol= (silicon cardbine) 9 w4
]D} lfﬂd i‘a% T3 EYH-7 F, dF (dFAI9 2F2) Y o du. W-E27 39y (V-
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(PEDOT:PSS)-PEG =% ®ebs 4 wAtde=ie &% A"¥ATH. Baytron P500¢] Zejoddladz
(Polyethylene glycol; PEG) % 7F#l& PEDOT:PSSe] AZ=AS F7HA71= RS 58T ¢S], 47 PEGZF @
@ o] =54 7]E (terminal hydroxyl groups) Abolel 4taE sl v oHEZ7E5S 7R, 22 4
¥ ek PEG H7HAl (free ungrafted PEG additive)& $Hi38he PSC7F 7hd 7152 715std A7) ONT
dol mEE ), ol Xyl AFEA &2 PEG BAE 9 4 olEEAVIEL 7] (NT HE
7HEA71Ed W, oA A7 PEGZF HS0.7F 71skE ONT el (onto) AR E=F vk, PEG-
PEDOT:PSSi= 771 Zee PEGS] olel27]E 9 =] Age A &2 PEGe| Tdo] sfo|=54d7E9 +4 29
Sske] A7l ONT o 2, Z7] PEDOT:PSS:PEG/CNT HgAle] o W3 w7
(denser packing)oll 7]21ste] A7) F7|2XFE ES 2X8l7] $8) 423 AZFOZHE (from a reduced
tendency to take up water from the air) 9

Al SAEATE. PSC &4e 242 2~9-IHE A5 A WA B AAVIE HUEs] Aste] =S4
AT-A3] #2718 el (onto) B3 1Y E QAL H2Ee] A= ofefjo] AT Et.
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o]E (triethyloxonium hexachloroantimonate; OA)&= A}7] CNTol =33}7] & Ale=

CNT9} W& A4 (release nitrogen) Z25H AAE F&3t= o] Yr}. °

Al (complex)e] Aol 93] Fs=iL, 7] (NTs9 p-BlY EFo= ojofd Foltk, =g ddzat
PN ]

i)
>
%

N,

2

olo

rl

2

o,

o

i)
N

ol

ol
o

offt

(one-electron oxidant) @Al OAE AME3StE A FAF =3 AEHZ oozt A7) tulo] z
E oAl 5.5 mM BDF € == 12 A7F ¢ F22HA FolA] 2.7 mM OAgN oz A}, 34 7)
o] Fof, &7 WEES 7] T 100CelA oJdFEArt. F 334 g5 7] (NIs te g9 A3 F9]
2 olojAa, AHoeZ J7] (N[se] SHES AgEd J3ds Frb. ZUELS F7H 722 485
Aot 7oA A FR/EE AAHEE HAHstEd ¢ dvk. vE AAdEA, & (polyol) WHS 5%
ATA (dEF B0, BF %/Ev 8°2=F X7 b5 ol IEs st =2 e 9
T EF AMRE 7 k. o] A A | 2812, JdEd FEL U4 9 & REEA 2

S . 9]
Aok, dEd ZEEF 10 mL2 Rk (26
[oXC)] (

BE MSARE Aol e AT, A7) WL golo] of @ A} olFel, 54 % P o g
& u AAHA. B e YAl Y] 8715 AFAPeRA ZAHAY. AES AgEa 4
T 9 gtoR EFHNL. aga A olR R/EE e PHER, & the sololEe 47] 7lu
1 ; & 3]

alel] FE=

Ui sfolojss F4d3t
= . EE I

o
MAHA 2 (N-2F d=9] A& o, 1 =&

2 I

=
Hatol (elE &, 7" =
ojM) &g + vt

[0026] A7) 94L& & BEulol= (silver bromide)Z WEE = Qla1, A7]dd 7<= vl o] 5L & I3 7]
2 AEE F . A7 FAE & gfolojEe] Wn W A EAo] AA &3} FAdEA e, & HE
npol== Ayl AE3 BlEte] ¢ W WAES AT 4 Jdul. WVE BE (bromine)o] (INT HFEHES 93
& EHER Yehe, A7) 29 FYE X3 Br o] ES Bro = ke 717] 918 AMEE 4 QT

[0027] LiPON & FolA Li o259 A7} Aok 50%7HA] 43 (NI 2559 WA
A=)

[0028]  EAE W PES ol8d Aol JEd ) dekH Jlws g2Ese] py w30
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Al
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Au, Al, Ti,

!

~

I3
of

s}

oldl (polyethylene imine; PEI)S ¥ &3l= 7]

Zgt~vl A48 (remote

o]

| EF-E-of] 4]
(dipped)® < dt}.

p
L

low energy oxygen or ozone plasma treatment) B

PEI

[0029]

B
A

4

N
Ho
sl
jand

o

oF

~
o

zel

Z O
ES

a9 (close area)olA]

=
T
=

s}

= 7hag

o

|51 o

A 10 &
= X

7H HE-=

e}

=

2

L

L

3

5-10 em©o. 2 FE Q] AglolA A7
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(ozonators)

o
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=

=

=

=

o ® (tip)
AF7] Eiiljr
o2 937

q

Z
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A7) mEU

2l7F WA ool ol

)

i

(breakdown air)ol AMg¥t}.
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(functional moieties)S A3

=
=
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=
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=
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o
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=

)

A

=2
DINT ESFollA &7 ElE e},
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lattice)<]

[e)

=

B~10) &7l
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=

(raw Raman spectrum)
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=
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el
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(singlet and doublet RBM peaks) Z+zF SWNT
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[e]

-

[0032]

ruzel
.z:i

3

o}

‘_ﬂo
NI
i
)
b

el

B
7K

1A
Ho

i

3
)=

af

m
=~
5
o}
4 nm=

L

L

Gl o)
e

ok
o

=13

=

271 71
o i

b R=4

=7

71 el A

FaL, 72 DWNTZF <F 1.6 nm 27

S

1

o
5 nm WA 40 nm HE S CONT

3}
s}

L
L

=
=

]

Z}A 28 (instant application)© &

e A

2 7

]
pzs

=
=

ehet Holey
HIALE Rvis
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=

g]

AN wel, MEYA} oF 48] 1o] 7S
ul

)
Tvis
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b=
=

3}
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A mEEY FolA 1
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-
(¢}

Al PEDOT/PSSe] FAF 2=k &m7 Akl (SEM) oft}.
i

H (embedded) &3

hyA
s i

Hn 7 (Atomic force microscope; AFM) =Ho] =

18 nn®] wWltj¢ek HE A7 (median bundle diameter)
3

(2}:
aYEE d s
27}
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[0035]

[0036]

[0037]

[0038]

[0039]

S=504l 10-1861862

mm 2739 544 SINTs7t th-8%= F1

g Az (chiralities)Q]l ZAH HATE. A7)
=3E S0, 713t 2559 Erj%% A%

q
[=2le}
dHfe] w3 BERG AAHeR Y ¥ An (<19).
A7) AEse wak 2H8 (fill-factor)S (& 7
_g_ ol

3 AP LM ED (ellipsometry)S

\./—‘

approximation)E ©]

A7) BEE9 WAT (RS 1-100 2 100-1000 ohms/square®] 1% ZHo] 7153 4-IQE TR2HES o] &

=

sto] SAHAY. FUHE AAZA, ¥HF A7) A SAHE Nagys o83t ST, ALd FH=E
EYHS o] &3 Adg 54 (work-function) sty oz Jjd"E HEEC sl 0.3 eVibE S718, & 2
EEol sl ¢ 5 eVe] €& (work-function)E WEFATE,

T 3av ¢ AAdd wEt AxdE FF 2 S0, sEtdoz JidE AEE ETA dE 4" Edd™
(thermoelectric power)®] 2% o]EAES Yehdu. 7] 2559 &A3) dUA= 7] DINTs “dell Hy,S042
T 529 % HEn gEe AZE digt guig A ATFoEN, Tagk Ao] Bod k. ExE
o] XA EJH A}Ql (positive sign)< 1109 n-F9] EAF UxE o|F &, A¥EC &5 L /e ONT &S
BFoA 8 A3} AEloES] Ay aHEZ olys IEEd Uitk AEE VS SFEES MAEES YEd
TF. = 3b o AAde] w2, ok 1050-1100 cm 914 S0, 7] (group)ol & A mWE Ul weAE
FTIR ~#EZ} dolgE ettt A7) FTIRS WAL R =0 A =3]= ),

5 3¢t B dygol o AAde wel dEFdE ONT ZEE 2 =39 ONT ZEE Aloldl- e AIZEE e &=

XPS Lejzolty, = 3colA EAIE kel o], ¢F 0.35 eVZhAl FHE K-9lA] (Carbon K-edge)ol Al oIHAE H
SF7] A AIZEZE vk o] A BDF B HS0.0] getHom [{idths Srod. Y] E=RESC] AV

713 el AsHAAY AYE 5 da aEan v ol A EelA 7] (NI YAz A" As A
g Aol dE 5o, Fov ARE A=2adelr A®E 5 9lal, 7] AZFAYolks NS0,E EEskd
Aok, o uA 7] NI dole] AAdEols EEskd Zr0, Aol 2'9E 5 ok A F sy

ol 7r0,9] FHe 3stdorw =337 df HS0, H¥E (moieties)S TAAIIZ H50,5 o H3] &3t A
olt}. = 3¢9 XPS AEE ONTZ W FEE 7r0,:H,S0,2 XE3F3it). A7) 7FE 1s Fojo] A|ZEE= Alx]o] UV
4 stlA, 7] EHEE dAslet= Flo] Jhesite S dFsteEd =90 "k A7) k-AA] A ZEV}

s
SOOH % SO00H F&3 #ddrka oA,

el oF> INT Yie-vl4 495 AFEs S48 s, AAAE 2 mA 4 Qi EﬂéE% (macroscopic and

microscopic pull-tests)< i‘%]EJ NHE AoA FEJATE. o ZEA] 7]EEe] ok HAEE 10 nm WA 100
mm ¥3lslE & A 53 NT ZEES 7HE g4 AE5d4 3900, A2E vELY (netric)ol

H
g o W me= (lower bound):= 3.4x10° Pa (500 psi)®th o Ath= RS wAsa, v A7) 2 4
o9 17 1+ (tensile failure) &= AFEE 7] AFA] AFe Axol 3] Agter;. wAH-713 A
[e)

Ay HAEE 7] 2559 d&899 11 olyx, S& 43517 Y3l AN §S AFg3le] =AY, o] 7]
Fe AR AT F A, S~ 0.12 DS~ 0.15 I/m e &S AAAH, #F 10 Par} AXNFT}. 2 FgA
o] oA, ok 1 J/m 9 g8 VAT F olAE BEWHE Atolo|A dbglE24tx 3] (van der Waal attraction)<
AR oF 10° Pael HEY e opy|gth. wiglEwls Aol HE ksl Aom FHAIE T WS A
olo] o3t Jo] {32 THE digk Udvkd HaAE Frel vjuEch,  vlae] oF|A, AlF FQl Qi H
HE olgals MY S g3 AR §A7F w2 5 WA 7.0x10 Paol:, EA Ade] Zme] ofF] Ak
A, olgd AES Zzhdel Sgo) W] ofd SAW DFT ARl 71%E 0.2 J/m AAE ghoz At
S F3itte AL FEEE Aol TruEt. A4 QE-INT HFo] 2 A HrE T/ Aad7AE,
71 Ye-vld ONT 259 Fa S5 faot 28 713 Alole] Ha#Ee A7) Qe Ho]l2 il ol
B71 7N oA A Aolth., & 4% 1.7 nm HEEA] o]F-¥ FHo| gk AELE (density of states;

b}‘iu]lﬂ AL A, 37 BEL AdHoz A7) e FastA widd vile & 34 (L/D>100)2] ¥E
= (bundles) ¥ /WEZA FE=E FAE o34 WA-FAF F+% (porous mesh-like structure)® o] Fo] AT},
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[0040]

[0041]
[0042]

[0043]

[0044]

[0045]

S=S0dl 10-1861862

% (bundling)> AWHARQl WI&A] FHE FoA 7Pg BaAela, 71 He v/ w282 & (long
range unscreened van der Waal forces)dl &3l F&=E 4 Qla, A% X (diameter distribution)E& A4
ok FEA Aol g, 9 A% AR H Fold ARS ol £EE JH-ws AdEd s e

a7 HEe % FES AR FEEd dEsEE, 7] de ARRs MEdA WMEE st Aol H
15| -
=

AT, YRR, 04/ 0op EE Tvis/R HIES W= HAFo] g T_:Lé?*é 24 vES ¥

9wy ohyet WE e AojgomM Adskd £ Ak Tvis vs. RO 9% AXEE E 504
4 2g =

it

ol
e
ol
o
é
o
o
oA
L Y0 3
N
o?; £
N A

of 471 MEAAM NEH FH

(plot)shar, 7] Whed] ko] wgo] o3} Mmd & gor, 1AL Fuy T2
AR WA Fu AR 2o BU TR or A wx o 24 231 5 sl

g el o e 100 nmET o 22 FAE

T (0)= 1+ Zo/2 R * [Gopt/Gac(®)] )™

AZNA, o BT Hdimoln, F Fak o9 el wek WEk, 0. AF AR Ao, Zow Z

7} A% F7ke] AE29l 300 ohms o %—s& Aol Tvis® A5el7] 1@ o WA WA-AE ol Fol,
)

574€ BF F3E dolE (400 nm WA 800 nm) vs. T AP E, =¥" 9 53 =¥E A4 55
g RO YE, A7 WMEZ ¢4/ 07t 74]L 4 9t} (After sum-averaging this equation to obtain Tvis,

a fit of the measured spectral transmittance data (from 400 nm to 800 nm) vs. R for the transparent
undoped, doped, and doped composite conductive films, the metric 04/ 0oy may be calculated):

A Odo/ Gopt (A= AT

A=F¥d DWNT 0.9 0.97

=349 DWNT 5.5 0.93
=349 DWNT-PSC 23| 10 1.02

Zt}.  PEDOT:PSS/PEG

_l =
5 Besa A4F £BE A% 48 A2E A
Sl

%f?}q—t— *P‘e o] dA 2 H 3 2} (enhancement factor)E 7Ftl. A7 &
A AFES T Y] WEY 27 S4EF 9 10 ¢ 3_? ‘S‘E DUV Fol tfg =F o] %ol oo]e] H&
e Aod v S AL AFE Ve AAY welth, =3 E DINI-PSC E3HA BE aFAM AF7HA
#Ee z 319l A3 (The best result so far observed on film group doped DWNT-PSC composite)i=, 7371 &
A o AT o LA UEL I 95 Aud 4 A, oo 9t ddeojeo] FE-S00H FTE (any

H i
adsorbed-SO0H species)®] &4S& 7HA (28]l W2E AR o ¢hd3d] WA)AIZIG,

5 E o4l = 7o Hste], INT veEe] & &9, ety 9/Es 23 =5
7%% :LFJX]L%P_E& =432 4= 2t} (ONT thin films may be alloyed or otherwise metalized, e.g., with
palladium and/or silver). % 6& ity @/xE o= qF3dlalr] 93 A A H Z2AAS Adsis &
Aotk (NT Y 7|k "2 S61 @A AFdt. o3 &% tho] ZEA~E 5 = 10 in9 2=
A715 ATFoEN o] AAdEddA G4=E £ vk, a2 YA Y] Z'EE SFS 563 THAA
PdCl, ¥l2 (bath)ell Y9x1€th. A7) PdCl,i= 0.01-1.0 5%, o w48t 0.03-0.5 53%, U< o v

AstA+= 0.05-0.1 =% ELoA ATHArt, o] FEE 5 % XA PACL,E ATsty 28l A A
9y srg Aoz e 4 k. A U o] &AL on-F&E (NI dF ol Z"¥EY.
7] BELS e VEE (AdWbgo g w9 gk uhErEo) tiE] oF 65%° Este)E MY, A7) PdeE A
7185 AtololA (FHFoR) ando=r AFEH, bx WA 1 7 ¢, 9 uEAsiAE 10 = JA 30 =
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[0046] 7] ZEbgdd gele] e 2 giile, 25 I3t e 538t Aol shEsit. o9} #HAEstY, & I
3} e F537F S65 dAlol A wlEAEtH, ada A Ay ZE S66 TAONA & w2 (silver

T %
bath)oll AA®E}, Z3ad® Z2ANAE 274 HAE (silver mirror)olx
A2 A=y, (1) AsEe

ol
S8 2§ slo]EFmAbo|E Gols FUpgto A FEnjdEnh. miR FE8 4T Yol o2 [Ag(Nlb).] &

:L
)
rtl:
olo
2
Ir
N
T
X
e
Do
OPI
ih

= o9 (attacking)sh= 2 glo] 7FE254MtER dudto|l=ss WA
Al el BlaEsk=tl ARgE = & A7 e, 7]

mirror  test)7b  WEbdeh A7) dddel=st dEHolE  (enolate)(F ol WEgHel=
(benzaldehyde)) & A3 4 glom, 73d A7) Hr7le= 7YAE w8 (Cannizzaro reaction)<

daie B R EfEs Ao ss, o] Whg-E =43} (disproportionation)E ©F7] %},

[0047]  S66 AINA 7] ONTs7h £o2 G A4 F58E A6l B glol, 4% =YL A o, BebE
W/EE eom FERAY FE3E OE 47 N-71w 8 e, AFd & Ak o 4y mge d%
Sof, 471@ ol we, e & wE BeE FHY 5 Ak F, Al 2 4 ;o] 567 VAN vkl
W, IRe g3 4 $68 wANA ATE 5 k. mAEA 2 sht olgel wARAA, 71 J1Ew
o U0l AR Oy £E U B TR AL S AT NS HAARA Slob, uer, F,
0 R/EE BE e, dF Bof, A7l 7148 &5 olesel 488 & A
A el A4 WYl o) AB A

o rlo
i)
it
o
N,

>4
|t
XE

[0048] otgoll Foizl Ar ZetE H/xE = o
| doiA, % PdCl, €9 (10% HCl 3ol 5%)2 A&l =% (0.5% HCl 39

0.25% %= 0.2% HCl =l 0.1%)& DI e = 38k, @ae (0.01 g)% DI ¥ (10 mL) ol
gAYt 0.IN 2F Fol=FAlo|=¢] 23 plE 33 2 2 AsE IAES Ay Y& wwka 3

£ AA (solution dropwise) &2 H7FE AT, A7) HAd &M, 5N dHUol= Tollend] wHEA|o] AL
EAIGomR 7] &Ho] E‘ﬁﬁﬁﬂ HHWPX] datel  H7bH ok, Valspar=5F-He #9Al (reducer)
GMPMA2000 &+AsHAl JAdH & = AL (black dispersion)7}A] mykz} kA R0 HA (2-10
n) oz "7 =Y. N Z¢ a‘; SAEA 715 WA (standard fashion) & &9 &8 7+
.25 mx0.25 m). A7 fEle vE AA-" AZF (10-30 =

g 71 713k S %447} 7?%?2%%]&5) o A 71 PdCl, &fe] mlx ¢to 2 HAHJR, Tl YA %2 %

o
ot
) ﬁ
il
_>|i |
> ; o o
oy
2,
23
4u

e o K
o
1,
U
X
>
Ir
i
rlo
o
r>~
=)
z
In
-3
H
mﬂ
EL
~N
Ho
%
ofy

=a . 3He 3
B, dE Eol, AL wkle] EAZ v sholo] B/ 7] (NIsE #5387
B Tel@ A E AdEl Qold, 47 O FRE £1 &% % §FNE 9% AL AL ol g
° KR

R H
g 5 oQrh ael@ Asel geld, Ae YL wEE gald, 37 WS WA pd 2

[0049] 572 d AN mEt Alxd gt MEE o - 2 X2E-Fgs VA FE 4 |
ZTHsE AEoTE, Heol: A Al ) = El3
(ohms/square® A& Ec})L A3

[00s0)  Avlol AW AAY, BH4 D wEA FHS (ER WSS Aold g48 1RES Bddow drHow
227 g50n, PFAew, W4 AR 58S A, o EAZ ey A el wHe a4
3 F44 JuRHER PR O 922 AFas Aolw, o714 7124 (chirality)e 270] F540]
AY MEAZ HES Aojfiy. B, 4% FrdA 1@ 938 AFes Aol @4 e
o}
=) .



[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

Unidymoi—‘?—ﬂgl A F2 JAE AFEEtY, SA4AA 89 ¥ dYzle & Uk ffolos ¥ I yxf
o] g9-F2d 53 dEES FAToEZAN olyd E/xe e EAES gdlste Bo] e A
E‘r. A7) & v spoloj5e AAE Mt AES Awstal, Folx AR ARAAA FEE AP e JHE
Uefr H3Es At @9, g 2 MR UaeRE MEES A7 & U gpolojd AE At 2
29 v ¢olof HFES thFd JAEdA W 3 (charge collection) S A|Fsct. HEFELS TF 2
Ui efoloj 5o w5l vwEvket WA ¥ FyAs vEpdt. HAEE E=3 7] o] 7] INT Hl4
of o1gk 872 A8t (degradation)®45-H HoWtie= 218 et
Brp FAISHAIE, Ag i efololE5e dEql FelFe] E(Hd ﬂ%iali) (poly(vinyl pyrrolidone); PVP)2]

EA A Ag X]*Poﬂ/] el o3 FdEU AR Ag Y ¢folojEL 2-5 W IESF AL, 17-80 nm
AAS 7HAT. Y $oljo] HEHE ( uspens1ons)*~ o] &35 FH Rd:-f%% Azs7] Y3, 47 U=
Aol 3= 100 nm FAE ZE-sfEskE Ag I8 HE =5 THAE FE 7R Al HskE
2L Ao]A (shaker) oA T & 0 & ¢ T FAA AXHES FHEH}AT. A7) A
S 7] 7] A7) @Y el AAAow #dd dololse] FaF WEY (bundling) §1= Ag U=
o5 F-29le] gt
SEM @vd ARIET vriA R A7l asdE TEMS ONT 2 & Ui FHRE9
3] &ul7 (atomic force microscope; AFM) % STM A& T3 71 Y&
HEAA A &4 AT, 7] S5 wye] g5l oF] o] &x
E e oY dez AstE dulelxd ARFVE EojoE AL FEstEE, HA A= W (elect
el A7) AF AZE uet 44 o) Ag (potential versus distance)e] WS AT
A dt. olAL Y FH HES wl aga HE HISdA HAlsts A8 4SS (resistance drops)
=3 = me HE A 9 20-40 kQ/me] F3F A&o] rhssirte A
FAEL HE HIEY AFo] & (-1 MQ/mm)olA A9 /MEZH FB HIES

2]

Zah
N

)

8 715 Ao =9 =HA AF8FE (transparent conductive oxide; TCO) EEL old =z A3 (analog
resistive), F924 HHE&H (prOJected capacitive) @ ¥W AALH X W9E (surface capacitive
touch panels)g XEF3tE= thet F39 BA didd ARgHETE. A 1T0E, 13 PET, s Eg]7tRulo]
E, Te g2 f8 7|¢Ed FARAHEA ofdA e, diFEe] ofd FE&EES A% JaEx~ I¥
(workhorse coating)olth. EHSHAIE, F2 A7 Z2AA (53] 7] TC07F 924 AAL&F 85049
2ol #HElistd Hart e SEEAAM)Y oER B Hl&o] V] 1109 H&e Aggtt. 11058 BEsAY
AA3] WA 717 A% ONT-71%F ZE S 43 71371 EA8Fa, Tvise WA & o] ok 120 ohms/square ©] 3ol A
86% oo m AlTdnt. ONI-7|WF Z”ES 53] 3 7]38s BolA omd = dom, &% IH (slot
a8

coater)7} A7) ZHS oA 4 AL A #o)A A3 gko)W (laser scribed)® 4 dt}.

A7) =744 £-89] k=<l (The assignee of the instant application)& ZFH# E]x|eo] &S AHET = 9
= UZE A& AHEZR At 4d T3E A&7 A4 (novel fully integrated capacitive-based

3 o2 B0}, &9 A¥Yd HIF 12/318,9122 F=xsla, T4 AA W& FxEIoR
An A= HEE (orthogonal electrode patterns)? ¥ MEEL #Holx AAF (laser
F 0.7 mm 8 2 PET 7]E Aol =® INT =8 Weld A, 8 UA, 7] 7

W 2ele) Fie

FEL A7) HEEE ONT A5 ol A ZAA 53 AFHAEHE (fringe effect capacitors)? odo]
(array) & FAsl7] 918l guvlo]l® (laminated) ®tl. 2vlE 7l 9F2 AEA 7|9e 424 3w 2ty
AR FA AEES 23T

HA gd faZgols 110 B & Ay TES XF8te Ad8%d =5 AT g dd daFdold
F 9ttt o= S0, W= E38) WS 7,436,393; 7,372,510; 7,215,331; 6,204,897; 6,177,918; 5,650,597 %
=9 AEd W3E 12/292,4065 Fxeta, A FAVF FrEFHoEA B B3 A 110 W/EE
e 54 TESS 288 BHA ddEe] dAE & A IN-78F SEZ giAE F Utk dF 59, &
82 dojo] HAl 5o mE (NT-719F SE5& ¥k HA 2339 /My dizoe|tt, = 82 7|23 o
2EY0](802)F 23, LA o] HAldE QlojA, LD, Zekznt = 7| S dd t =&l
d g Ak, FEHoT Fue HAA(804)F gk 7l AE(806)] 7] tAEH el (802)F dAdt. W
3 7hse PET SU(808)& = 89 oA A AAollX HAdDFoZA AFHETE. 7] PET 54(808)2 v
o] " (pillars) 2H]HE(810)F} oA HHE(812) Yol A7) ¢k F7 713(806)9] A FHozHE
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[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

oA, Al 1 E A 2 ONT-7]¥F =E5(814, 816)2 7] t]2~Z# o] (802)0] 43k 47| PET U (808)<]
W Aboll 183l A7) PET Y (808) wlEsl= A7) T Aol A
o Sy e 79 ONT-71RF S5(814, 816)2 olE E9f, o] W H/EE #olA 2Ztd os) Hes

A7) ONT-718F =S i3] °F 500 ohms/square P|WFe] WA 3FS &= g
3]& 7}s3kal, 9F 300 ohms/square P]RFe] WA &S A7) CNT-7]HF SE9
101(802) =2 ApAol| A dwrd oz wbAd 7] 1T07F sk o4kl ONT-7]8F S EZ diAE 4 e Aol
olgfd FHoltk., dE E9], tAZ0](802)7F LCD stHA ulj, INT-7|HF 52 A7 I 7% Ao 3% A
=] u

= =4
= 2/ 29 TFT 713 Aol J¥l3ld d=ozA ATE F# k. E2, =3HAY A=, ONT-7)
S5 w3 AV AEE TFTse gkl 2 Az ##dste] AFEE 4= o, 8523 wjdEe £33 Zek=n)
A=)

R/ vE 29 dd gasdeled ddste] Aled & v

dojA A7) ONT D=5 vhgbate (windshield)9] ®W(4) Aol (& Zhzhe] W
(2, 3) Alelol) AddArt. =ol¥ A FAXE (driver electronics)<, 7] (excitation), ®
(return), @ x}¥ A=%E (shield electrodes)? S F3dlo] (NT Z"ol| 7]%3 Zag-7uk dA 7] A
28 (fractal-based electric field sensing system)& AAFetE TWES Foto APHo g HEII|AY e
BFH o2 (capacitively) AAE 4 k. & B0, &Y AY ¥3E 12/453,7555 F=3star, 1A A

)

¢

=

THoEM Rl TIET. o AAES 1500 m A FH5S DA 5 dw A HlE
H T A3ttt A7) AlAEe R RE xfEEa d7]F o2 aHE i AR ARoa] HE
Hd AsfAEIE] v TES Xt o] HHE AA (compact design)ollA, EHH 3 AlA (
light sensor)¥ XS H]3]E (vehicle) St =] UALEF -3} (radiation load)¥RF
vision)el tjgt + 7FA ® IR ~HAEHS FEUESY] f8 23E F . dE &
7,504,957 FzxEa, 1A AHA & ) A
o wEAE (2ErE), e wkEAZ (low latency) (RHAIAE), E& ddo]E &% (high update

rate)(1 kHz), 2 Wo]= (>70 dB)d gt =2 UAdS 71 F 3

A e Fx

rlo
%J_:l
BN
Sl
ot
[e]
il
)
e
o
=
Hel
%
(i
B
ri,
>
rl
5
o
r_1_4
1B
s
=
o
[
=
_|L

ox
N
=2
N
iy
i,
ot
ri‘,
o
i
ME,
o
‘0,
ri‘,
o
|

0] (rain sensors)< W¥7]/Z8]A Zo] $8%5 (refrigerator/freezer

door applications)ell A= ARgd 4= gt AHAEFY AA7F Aled 4= om, Hojm shfe] ONT-7|RE <

= |ALE FHES FAAT7] Y8l INT-7]

T HT 12/149,640S FZF3star, A

3 2o x3hE, ays &4 §F WA &85 (anticondensation

applications)oll 2elA, CNT-7]9F 2}¢l wE o [T0 =& o2 1002 HAAI717] 8] A2 5 gtk o

AL NT-7]HF €18 & TEo] dE B9, 289 44 TC0s (& 59, IT0E X3)uE wg] 2hs)shA

AU AtEA 7] wjitell, HAFol A ©f $Feitke HelA 53] o2& 4 Ak, dAlH A e

2 5o, =9 Al WIS 12/458,790, W= 5 7,246,470; 6,268,594; 6,144,017; = 5,852,2849}
m=r g 7) WE2006/005986100 71=E ™, Ao ZAzhe] A W8S FRedomA Edd e

A
N

q

E
ol

T2 7 (defogging) 2 tlo}o]d (deicing)dhe oAAQA HAJE2 10 ohms/square®] WA &S 7FX]= CNT-
¥3t HE2o 7 ARFHYY., o] HAAld BEL F Au IEE L IT0 Aol olFt. o= 5o, A2 1000 At
o]F o]0 F29] ojm ARRIE A FYrh. Mo A, o] FEE Ato]ZoA, AV IT0:= 4taE WESHAL,
F2357] AzbetE Ae A WE 9 o4 2 ekt Yelhdy] f8) AlEeit, "HEdA =2 dA7FEe
= AAE ®Wltk, wEH 2#e] 7 10 KW 4

2
w3 "I 29 (crisper)" T F8]Y (cleaner) WA 2-&
3

E7F 12x12 Aol A8 dar, of e, e v 43

CNT-7]8b S52 E=g Ay volH/M& 2ielE, Bla vE, dHus B/Es 7 oo& A48ty s AL
€9 F Aok, a#e xRS Ry v|wE, A dolHE T A AL $&E 5 i, v R
CNT-7]4F SE0] dE Bof, 1A Au WEE /= I 519 fAR AL gdsts 8 49 pn ATE,
AF71E5 (rectifiers), EWA2EE (transistors), HA FAE5S FA4st7] S8 A2 F Advh. &= 9+
dejo] AAegol wE H=A vlolE /M Bels A A% dAH Ves dWes A=l S901
A A, INT-7]8F S A7t 7] Aol @AET. oA @A, S903 SAl A, BE T2 7] INT-7]%E

F 0l AFE 5 Ak S5 WAGIA, 7] ONI-71 Fe Aggem AARAY ARsg. o AA =
t aElske dold Azl o8 @4 ek, e A9Ee deld, A7) dolAel Hywst 8 ¢
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o1,
°] OLED
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hvA
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1] tjujo] 2,

S
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%

s
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ATk Lefg
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=
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o~
T

Abolell Y3E (embedded)

2 =& A E VA E F54 AS (metallic mirror)o]|t.

elo]

iz

=
=
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1 A8
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Z
T

W ONT-7]%E =
OLED ©]2

o]
AN
2

TC

B35 9

PN
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KR
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=
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=

s Abgd

A Aled

4
7] CNT 99¢] ¢lEd~E (interest)
2

o

=
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gov} Ao} 42
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ATt
1319 A

8907l A,

=1}

[0063]

o ®

CNT-7]

=]

CNT-7]

& Q.

¥ oA
F 9.

S8 7]19(1002) e T ol x

(<

at7] €
=

[e)

(emitting molecules)®] LUMO 2 HOMO
[e)

T 2AE
5 A4
A g

=

pud

3 A

=13

o]
OLEDS] of| A]
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-
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o] A% (recombination)e
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hv)ell ¢

=
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1 %135

kel
pil

ooole?
gls Abelo] oy A (B

z‘gl_

El olE

[0065]

_EO
4o

s

5o

™ ONT-7]

ol

2 A4% % 9

(1004)

(1006)

oieh,

7,659,661; 7,629,741;

No

=

20104 2

o
"Highly Absorbing, Flexible Solar Cells With Silicon Wire

A~

T
al

ul

s
i

7,662,663;
o
=
2008/0169021;
12/285,890

3 tol
<

7,663,312;
FAA tufol ~5-2
7N

oL

[}

o. 19

AAZ 5 e

£(1008, 1010) =3+ A=
12/285,374,

7,663,311;

%l
o
WE

e

o] o1 9ol WEEZ ojdnEAY
=

7

]

A

)

s
Rl

o

eI
z

= dE 59,
FaL,
g a

[e)
6,288,325, 6,613,603% 6,123,824;

=

et

=

[€)
2009/0020157;

1=
(¢}

=

6,784,361,
wl

7,601,436
127 7}

&

e

CNT-7]
=i
=2 59, (NT-7]
2008/0308147;

o
W% 53 W

}

OLED tivpo]sl welgh 3714 Hm

i

kel
pid

o]r/}'
}7] CNT-7]
o,

Z,:
P ol4ke] ONT-7]

olt}. ¥

o
2009/0032098;

!
oA,

[0066]
[0067]

i3

Tl

i

L
Fu

el

12/457,006¢ 7RA1 ) AL,

=0l 13

=

o

, CNT-7]4k

179 Atoledlx~ dlda] (Science Daily)

Arrays Created"oll 7HA1%] 1L,

4
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5w
won
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= °F
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L= 119) dAl A Aol glolA,

o},
Ao},
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o
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11/122,2184 7]

L
L

AlEd WHE 11/049,292 H/5%

ol
A

3
il

8 7]13(1102) & =)=

!

P

el

7
Ho 7

& 59,

[e)

p

HEAF-HA] (anti-reflective; AR) F®(1104)
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[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

AES S7HA7171 914, 471 frel 719H(1102) 9] 9% FW el AlFE F vk v wAR-ER) =28 (110
4)& = WkA} HFR] (single-layer anti-reflective; SLAR) TH (4 So], Ay & AstE whAl-Hwx] 3d)
e UF 9A-TA] (multi-layer anti-reflective; MLAR) Z® Y 4= v}, 283 AR IHELS 99 A
g 7es ol &ete] ATE 4 Art.

i o]l ¢ TE(1106) & B0, = 119 oA HAde] ZAE nfe} Fo] &W A= tjujo] 9
Ag-elA, 7] AR ZH(1104) ] Tl f2 7]19(1102) el A = Aok A7 F5 SEQ106) A 1 2
Al 2 REEAE Abeldl 71914 4= vk, E 119 AAH A, F5 TE(1106)> n-3 §H=A F(1108)
(%71 #2 719H1102) 7M7ke]) 2 p-3 REEA(1110) (7] frE] 7]19(1102) 25-E o 7h7ke]) 7ok, &
| AE(1112) (dE B9, €FvFE T g 43 24) =3 A3d 4 Jdok. ] HEA118) 2 A
7] frEl 713(1102) Abe] H/mE ] vEA(1110) 2 A7) 3 AE(1112) Abele] 1T0 Ee vhE dA&A &
A(E)E AFste ARG, A 1 2 A 2 INT-79F SE5(1114, 1116)°] AF=E = Agk. 7] -7 SE
(1114, 1116)2 7] 94 w=A SE(1108, 1110)e] 24z} widshy] fa =32 & Iy, J1gm=2, = 119
AA A AAdel] dojA, NT-7|WF F(1114)2 n-8 =HEEZ =39 ¢ 31, ON-7|7 S5(1116)2 p-8 =

HAES® w35 4 9t}

M

Wl ON-718 5% A8Hon gaast Aol ofyy] mEel, Qo $(1118)E 47 f 71W(1102) o
A7) A1 ON-Z1 F(1114) Aol AlFE 4 glek. e, ON-71w BEEo] A%gels] B, du

Ale]
Aol ®wo] d=x%t}l (it generally will conform to the surface on which it

'_1>J

o7 aZlo] A e A X is
placed.) Wk, 2R 2 T 7] G2X7t AAEHAY 28] oW dwrdow AXAG NI-7|W &
(1114)0ll A ¥krbE ¢ AEF 7] A9 F(1118)& ¥ 2Aste o] 7hssith. o3 A3, 7] 49
daxgd $(1118)2 old-=3" 2+s} 4 (zinc-doped tin oxide; ZT0)& 23t 4 Q. W=AE
(1108, 1110)9] 3t =& & ohe 999 HAANGEY 537 A=A =25 (polymeric conductive materials)

= A€t

CNT7F 2494 99 2 37 A4 I9E (near and mid-IR ranges)ol A =19 F=w3}7] o

Zs} %} WAL (penetrating long wavelength)7}F ©@¥d % €l (tandem) HE Ef = o}

ZA AMYAEE HAYsta AT 5+ vk A 4‘1]6}5} a&o] 4 HAME ZRJE wE7A oln] F7}
o
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2)oll A, F7HA ZA A

= S

93 = k. o] dAF ZHE dF o], HY & (dE 01 TCCQ‘r 2
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S=50ol 10-1861862

o}

gole] HAAEL T3 7] WA S8E (electrochromic applications)¥} Fgldle] ARE
=9 AP ME 61/237,5803 vTIAIR, AE &
7,511,872; 7,450,294; 7,411,716; 7,375,871; % 7,190,506 F=Zska, 1719 Zhzbe] AA WEELS
HozH o ko IT07F AlRtell meb Aste i H/wE 1oks 2] ONT-7|wk JEo] 1%
st k7] witol| (as ITO tends to degrade over time and/or otherwise not perform as well as CNT-
based films may), CNT-7]¥F HE2 IT0S diAE 4 u}.

Ry = 7 -

2=~ 0]

ne ME}- D]EIL
, "= 53] W& 7,547,658, 7,545,551; 7,525,714;

=)
=

[0076]

= 1
R

e
50,
3L 3lE]

=t

AAH

g AT A=

A3 & gl
#F Aol = <D,
& 2 N1l o)t
SEERIRES
o2 A7 YEY
7] Aol

[0077] melo] -5

A

lm“

[0078]

r_>i

érﬁozzﬁi

mﬁ
mln

,_1>J
oﬂ*

= AelA 7t AoE. i UA 7] 2A
271 Lp < LeolA] Z2HEW, A7) 784 o
Aufgtcl, Lp > Le9] o FwtolA, d7] do] =AY o
o HyP3 25 FAHE (options)o] EAstaL, 222 A7)
okstAIZItE, 2y, o] © HA (simple picture)® 7]
g5 A FHS FH 7|24, agigo

=
AE owol o8 =dEy.

O
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T
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r:Lloi
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Zo] ~

O

1
ﬁ
:.\9,
°m

:igaﬁlﬁ“
_lZiJ,‘i

lmrﬁo‘ﬂ

_V&

l

F

=
=

= X] O

=75,

l-ﬂr:l.lkll-r

1-‘r_>i

,
B

)4

EERY

Pn
r’l

4

r'ﬁmlﬂ_&lﬂ

1 7

O

[0079] 83 YA L << Lp 0 — oy 9 oY =AY gut oz or= f(onT) *111i o

7pssit,

]
&

I

F

pi

L

[0080]  cEam b MTMTSCT @ ool Ao] sbsata,

1714 nyi= NT W

Nv=4 FF/ (n<d*>* <L>)
[0081]

[0082] o7|A L& dnwtFow vk (exfoliation)®] Ztwel o|&3}

pf/pNT?l )2)1‘7] jé]%_

oZi
ﬂ

[0083] Onsager (c)& F&3}

4 WX (the number density of the nanotube)”}

A} (Mean field approximation)©]t}.

g d

R

[0084] % (average number density)

4»

[0085]

[0086]

=

£9015 A4AE ARl Z)deks
AP W AH N, @ W ol o3 !
number density <p>) randomly oriented long rods or strings with
particle P and a neighbor N, and with their centers joined by a vector r.) A &ZtoA, @507 N&
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