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Polymer materials with their sheet resistance and transparency properties.
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S. No. Material Deposition Sheet Resistance($2/sq) Transparency(%)
Technique

L PANI Spin Coating 166 80

2. PEl/Ag/PEDOT:PSS Spin Coating 10 95
thermal evaporation

£ PEDOT:PSS Spin coating, 39 80

(H2504 -treated) dip method
4. PEDOT:PSS Spin coating, dip - drop 90 85
(methanol treated) method

5 PEDOT:PSS- 5% DMSO Spin coating 160 80

6. PEDOT:PSS/AgNW Drop Cast, 12 82
Spin coating

TE AgNW:PUA - 15 83

8. CNT-PEDOT hybrid Vacuum filtration 80 75

9. PEDOT:PSS/AgNW/graphene Spin Coating 181.67 71.21

10. AgNW/IZ0O/ PEDOT:PSS Spin Coating, Sputtering 59 86

Paren
RANAKE
CNT TCFs with fabrication techniques and their properties in visible range.

S. No. Material Deposition Technique Sheet Resistance(2 /sq) Transparency(%)

1. MWCNT Roll to roll-dry 24 834

Z SWCNT Slot die coating 1000 92

% SWCNT Dip Coating 100 90

4, SWCNT Electrophoretic deposition 220 81

5. CNT (8] 265 80

6. CNT-Graphene hybrid Spin Coating 240 86

7. RGO/CNT hybrid Langmuir — Blodgett 183.5 77

8. RGO/CNT hybrid Spin coating 631 81.3

9. SWNT-Ag hybrid Spray 5 83.7

10. CNT-PEDOT hybrid Vacuum filtration 30 75

PeY--v

Graphene and its derivatives with their sheet resistance and transparency properties.

S. No. Material Deposition Technique Sheet Resistance(£2 [sq) Transparency(%)
1 Graphene oD 280 80
2. Graphene Inkjet printing 260 86
3. Graphene Transfer layer by layer 40 89.5
4, RGO LB 1100 91
5. Graphene-CNT Hybrid Spin coating 240 86
6. Graphene-PEDOT: PSS Hybrid Spin coating 180 909
7. Graphene coated Cu NT cvD 232 834
8. Graphene silver Hybrid Hot-pressing process 14 90
9. Graphene — Metal Nanowire Spin coating, CVD 33 94
10. RGO-Au Grid Spin coating 18 80

Metal nanowires and their hybrid materials with their sheet resistance and transparency properties.

»

:
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S. No. Material Deposition Technique Sheet Resistance(£2/sq) Transparency(%)

1. AgNW Vacuum filtration, 10 85
Transfer technique

2. AgNW Spin coating 91 94.1

3. Ni NW = 19 920

4. CuNi NW Solution processing 36 80

5. Graphene [AgNW CVD, Spin coating 18 913

6. RGO/ AgNW Dip coating 27 72

7. AgNW/IZ0/ PEDOT:PSS Spin coating, 5.9 86
Sputtering

8. AgNWs/AZO Drop casting, Atomic 23 83
layer deposition (ALD)

9. SWNT-AgNW hybrid Spray 30 85

10. Graphene [AgNW/Graphene CVD, Spin coating 20 88.6

ERMHE (EIEHE>85%, I LT SOOI A EMHE)

Table 1 Features and optoelectronic applications of various metal mesh TCEs prepared via printing techniques

Tseonm Reheat FoM ($yc) FoM Pitch Line-width Height

Techniques Mesh electrodes Type (%) Q@O (0°Q Y (sadogp) (um) (um) (um)  Applications
EHD Ag grid i 74.6° 3.7 14 319 150 4.6 — —
EHD Ag grid i 81.7° 4.8 27 365 150 7 — —
EHD PEDOT:PSS/Ag grid i >80° — 478 16.8 — Diode
EHD Ag grid ii 80® 0.5 271 3194 200 10 2 0SCs
EHD Ag-Au grid i 947 8 63 749 200 0.5 1.5 —
Flexo Ag honeycomb i 73° Tl 4 100 2000 100 0.15 OSCs
Gravure off-set Ag grid ii 90” 4 87 871 1000 32 13 0OSCs, OLEDs
Gravure off-set Ag grid ii 93" 13 37 392 2000 39 1.3 0OSCs, OLEDs
Gravure off-set  Ag grid ii 88(@520 nm)” 6.9 40 411 1000 35 1.2  OLEDs
Inkjet Ag grid i 74° 2.8 17 106 3000 80 0z —
Inkjet Graphene/Ag grid i 73° 12 3 92 2000 100 0.15 OSCs
Inkjet PEDOT:PSS/ i 85° s 8000 350 0.1 OLEDs

Ag honeycomb
Inkjet PEDOT:PSS/Ag grid i =>90° 227 15 153 — 47 02  OSCs
Inkjet Ag grid i 71¢ 60 <1 16 2000 132 03  OSCs
Laser patterning Ag grid i >85° 30 <1 0.6 300 11 0.13 TSP
Electroplating Ag grid ii 87¢ 13 19 201 300 10 — TSP
Electroplating ITO/Cu grid ii 82.5° 3.8 38 491 1414 130 — OLEDs
Reverse offset Ag grid i 86 13 17 185 3200 80 0.2 0SCs
Reverse offset Ag grid ii — — 300 30 0.9 TFTs
Reverse offset Ag grid i 85 ~0.3-0.6 328 3711 — 10 — TSP
Photolithography PEDOT:PSS/ ii ~67-70% 6.5 4 148 1131 40 15 0SCs

Cu-Au comb
Photolithography CNT/Ag grid i 88" 8.1 34 350 770 12 06 TCH
Nanoimprint PEDOT:PSS/ ii ~8§2-86" ~3 73 802 180 3 2 PSCs

Ag honeycomb
Nanoimprint Ag grid ii 80.3° 6.8 16 238 510 10 10 0SCs
Nanoimprint Ag-Ni grid ii 87.5% 49.2 5 55 3200 0.15 0.06 —
Nanoimprint Cu grid it 73k ~15 2 73 — 0.12 0.04 OLEDs
Nanoimprint Cu grid ii >90” <1 348 3484 50 4 1.8 TCH

#i: embossed surface; ii: embedded surface. Including substrate. ” Excluding substrate. © Not specified.
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Table 1. Dimensional, electrical, and optical properties of various metal-grid transparent electrodes. The sheet resistance (Rs) in this table corresponds to the values for the

(b) § = shadow area

transmittance (T) greater than 80 % or applied to the device fabrication. Please note that the transmittance values in the references are measured with and without a

substrate. For a fair comparisen, both transmittance values measured with and without substrates are presented for the thermal-pressed MGETEs.

]
ﬁ@ﬁ%}%ﬁ 1
BRLAIE i

Dﬂww line-width

LI T 1 = webwiatn E i NE:LET e he(ifr:t)/mmh isaﬁfgt {cqu) (c,Ts)
(c) . ¢ . (d) _Embossed Selective laser sintering 2 On surface 0.13/11 0.011 30 85 (w/ Sub.)
> Evaporative assembly On surface 0.09/4.5 0.020 97 92 (w/o Sub.)
Roll-offset printing > On surface 0.3/20 0.015 129 85 (w/ Sub.)
EHD printing On surface 1.5/7.5 0.200 9 85 (w/ Sub.)
Inkjet printing > On surface 0.2/50 0.004 10.3 73 (w/ Sub.)
Electroless Piatingzs On surface 0.25/30 0.008 8.2 91 (w/o Sub.)
Phatolithography ** On surface 0.03/5 0.006 9.1 79 (w/ Sub.)
UV lithography *° On surface 0.05/15 0.003 51.4 76 (w/ Sub.)
‘ ‘| [ 11 '\ \“« & 7“ =t Direct imprinting ** Embedded 2.1/4.1 0.512 4.7 93 (w/o Sub.)

f \ -
f N ) .
ﬁ% I)TXJ*%)LM & : é VAVAV: EECEEEET Gravure offset ™ Embedded 1.3/39 0.033 13 93 (w/o Sub.)

(Damascene process)

Roll-to-roll

: L Embedded 1/10 0.100 6.8 80 (w/ Sub.
therma!rmprmtmg&5 ’{ (w/ )

82 (w/ Sub.)
94 (w/o Sub.)

Thermal-pressing

. Embedded 1.2/9.6 0.125 1.2
(This work) e /
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Table 1 Features and optoelectronic applications of various metal mesh TCEs prepared via printing techniques
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Tss0nm Riheet FoM (@rc) FoM Pitch Line-width Height

Techniques Mesh electrodes Type (%) Q@O (107°Q™" (eacfdop) (um) (um) (um)  Applications
EHD Ag grid i 74.6° 37 14 319 150 4.6 — —
EHD Ag grid i 81.7° 1.8 27 365 150 7 — —
EHD PEDOT:PSS/Ag grid i = 80 —= 478 16.8 F— Diode
EHD Ag grid ii 80? 0.5 271 3194 200 10 2 0SCs
EHD Ag-Au grid i 94” 8 63 749 200 0.5 1.5 —
Flexo Ag honeycomb i 737 11 1 100 2000 100 0.15 0SCs
Gravure off-set Ag grid il 90" 4 87 871 1000 32 113 0SCs, OLEDs
Gravure off-set  Ag grid ii 93" 13 37 392 2000 39 1:3 0SCs, OLEDs
Gravure off-set  Ag grid ii 88(@520 nm)” 6.9 40 411 1000 35 1.2 OLEDs
Inkjet Ag grid i 74° 2.8 17 406 3000 80 0.2 —=
Inkjet Graphene/Ag grid i 73° 12 3 92 2000 100 0.15 0SCs
Inkjet PEDOT:PSS/ ii 85° — 8000 350 0.1 OLEDs

Ag honeycomb
Inkjet PEDOT:PSS/Ag grid i =>90° 22.7 15 153 o 47 0.2 05Cs
Inkjet Ag grid i i 60 <1 16 2000 132 0.3  OSCs
Laser patterning Ag grid i > 85° 30 <1 0.6 300 11 0.13 TSP
Electroplating Ag grid ii 87" 13 19 201 300 10 — TSP
Electroplating ITO/Cu grid ii 82.5° 3.8 38 491 1414 130 — OLEDs
Reverse offset Ag grid i 86" 13 174 185 3200 80 0.2 0SCs
Reverse offset Ag grid ii — —_ 300 30 0.9 TFTs
Reverse offset Ag grid i 857 ~0.3-0.6 328 3711 — 10 — TSP
Photolithography PEDOT:PSS/ ii ~67-70% 6.5 4 148 1131 40 15 0S5Cs

Cu-Au comb
Photolithography CNT/Ag grid i gg” 8.1 34 350 770 12 0.6 TCH
Nanoimprint PEDOT:PSS/ ii ~ 82-86" ~3 73 802 180 3 2 PSCs

Ag honeycomb
Nanoimprint Ag grid ii 80.3% 6.8 16 238 510 10 10 0SCs
Nanoimprint Ag-Ni grid ii 87.5% 49.2 o 55 3200 0.15 0.06 —
Nanoimprint Cu grid ii 73° ~15 2 73 = 0.12 0.04 OLEDs
Nanoimprint Cu grid ii > 90” <1 348 3484 50 4 1.8 TCH

#i: embossed surface; ii: embedded surface.” Including substrate. * Excluding substrate.  Not specified.
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Fabrication of High-Performance Silver Mesh for
Transparent Glass Heaters via Electric-Field-Driven
Microscale 3D Printing and UV-Assisted Microtransfer
Xiaopang Zhu,* Quan Xu, Hongke Li, Mingyang Liu, Zhenghao Li, Kun Yang,

Jiawei Zhao, Lei Qian, Zilong Peng, Guangming Zhang, Jianjun Yang, Fei Wang,
Dichen Li, and Hongbo Lan*

and harsh processing condi
Il') nd the scarcity of
fi jcation for

w,
psﬁlmanﬂe metal meshes for !nnspavem ghss heaters (TGHs). Here, a

high- ique is proposed for TGHs T \m.
ing alactric Sk, i !Dr«' irignd  Ulsassisted iicss. poeteer i (m; wing it H“
The resul ptimal trade-off in sheet resist. G s

ance u!‘um Qsq7Y) and kansmmmce('i’u!] %) than for indium tin
xide (ITO) and ITO substitutes. The fabrcated representative TCH slso

and stable hesting
mental adaptablty (constan R, for 0 days), superor mechanical robust-
ness 04in harsh atl

and strong adhesion force with 2 negiigible increase n B, (2-125%) aftar 100
peeling tests. The practical viability of this TGH is successfully demonstrated
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1o the successfil fabrication of silver meshes with high resolution and high of ITORY which rest
aspect ratio on using the thick paste. The
proposed technique is a promising new tool for the inexpensive fabrication of g
high-performance TGHs. described a3 the most

n

(TGHs), one of the
nt heaters (THs), ext

Or X. Zhu, Q. %, H, Li M.
Or Z. Peng. Dr G, z..,-g
e

Laboratory for Manufacturing System Engineering
an Jzotang Universisy
Xi'an 710043, China

The ORCID idartification mumbasis) for the author(s) of thic artcle

e be found undar /10,1002 adkns. 201902479,

DOI: 10.1002/adma. 201902479

A Mt 3079, 31, 1902475 1902478 (1 of9)

© 2010 WILEV-VCH Vo GmbH & Co, KGa, Weinheien

MAT ERIALS

TRANSPARENT HEATERS

red to b
sparent conductive fil
d phot
hanical performa

t. In article number

field-driven micr

technology and

microtransfer pr

optimal tr f in manufacturing
techniq mprehens
performance of the metal mesh makes
it possible to produce high-perform.
TGHs in batchand low

WILEY-VCH

SR

EfRTRSCHAH

- N
L
l ﬁ VAN
\ \
)3 3 )}
.
PEHE: HANS 0185 M48HE MWTWETII~T82 0 PR Gkt
SCIENTIA SINICA Technologica techen.scichina.com CHINAPRE!

_ (!) CrossMark

LS S Al W S R 3D TED

AR, B R SR

i 710049

I 201808

o 0 0 B O B S QMR 8 910

IR ELTEE T

XM e HTWAEU K. 3D e
1 glE
B RO S B R S W i
Yo RS LT SRR, 110 i
B HH L BIH 6 BLHE. WigH

] rHH %)

Simfk: ue PR LR
Quaa L 1.mn e 1t 4 Elco s v s om0 i G Chiech 5 S0 Tch, 218, 46, 773782, . 191360
20170025

LT, 200888 TT-TE

OB (HEHY)

it W scicting.com



0. RS A

|5 WUWEIZHI ZAO

o sty SZIRMEER) (REERI2N. ERPCTERIEN)

B&EE T mIPEFE

SO R R ORI R ORI SO RO e e
- R Ji
6 ENEHITFHO9S &
\ 2018FEREFEHMESERIFR
g 3% 3% E 43 g
i i
/| K
2l T A4 LI Y b - - ]
RSB S HEAR e !
z | i y o B AE =2 F bl 5] Q195 £ th 5 th 50 0
11 L ' ARIGE GRS A, RS RE R R
= T, LT oI 2 0 (R
ARBLRERFHRLESF, \

S, GIPH, BT R 20184 h E PRI A
(AT
5 9 I

B K e A .
EZM: Koimtapii, #5558
RRER: F

®RE Zak(FEEIRE) (FEH)
S{HES: 3728011970%k++0016 g

Faec N P A s PN A R

o N N Rl A I NG g

¥ — x 3 g S aTeEERG . 1
# 2. BAEoE e i p— . I e ; JEHE. 20183043 B
Al * Y i ' ‘P %%E b I
it i ; e I
g % W & m Y & % 0 % 9] ROW & FE B I
& LR g 7 . " |

EES: FM2015-2-7-RO1

Py La ot o,




fi. YiHHR

=LNREER (1§1)
IR, BT, BTESD

LARSEMHIE TIERARRFOEE, SBH3DFIENIREFOESE
o’ AL RERE TEELT, SEEMIWLXE F1s

‘ \ / L ESREEARRELER, LREFELUFEFEER, LFEERHTRER, HEIBMEHLHFTAT,
AR EEHERORTEAS, FENMTESSNMENE ODITH) RASSEEER, ERRENER
' (150) HEHEEEISOTCHONFELSER, LEMMSIEIRES (SACTCS62) BR, USE—KRIEAL
EBERRAEFIE, ERPCTSFISE, TERIBEFME, SIEMEIsESIRETR, ISR

BRI, HARESCEARZENEGER, RREKFEAICNSHE, ERFEFRMESBRINE 1310,

5B (1I8) w5k (B1)
MEEA Fem A, FEEFTR
ERINERBKESFEMEAR SR 16 mITRMBMEEAR
EFERERAE MRFET IR/RETWARE THET

XERFIERAZEROTERSIEF EEHEZBEMNIAAFBRIGAFE



f.

KREH (1§1)
EH SR~ MR
MRETXSE ITHET

FENBEHSEE, ERBRRFRY3D
FIENEEE, US—FEEERINKRITIAM
FRFEKFLNI125E.

BMEF (BL)
FHam. MR, HEF
BRETAF ITZFmMt

SEENSHGA3DITED., EIAS RN
RITHHE NS,

WWWWWWWWWWWW

%2 (B1)

AR, T2t
BRETAFEL

HABEZEMREIENREE, RS
MAARETZ.

¥ &R (BL)

FRER. BRIMEEFRS

BRETAE IFmMt
EEASHBR, POKEED. HA3DFT

B [ BT S RERIS

FRMEFHIE.



N TR R o,

wwwwwwwwwww

HERIIINER"m

& BT En R R

T AL TR A _
. o BRI
R iEhlE
P o L) e
&t e & B Lﬂtﬂﬂlﬁ“#ﬁﬂ& (Y

e At /

@) R TIASEE R AR R S R




. M55SR

5 R R A

wwwwwwwwwwwwww

PRAEAT= TR EEREER | g
BB E R s | EFTEEASETERER
T \57".'-75 (= / FE= VERS s s =) v,
(I¥E|E+Hﬂ)\) /_\ELI:EJ“{II_ E'VJ‘EE: gﬂi 2P§|3 Dj::l-El:M:)-L
= W = W\ H= W\ _ _ _
(Fm?) (F7T) (Fm?) (F7T) (&) (F7%) o) | (o) J270)
2020 20 2000 3 450 5 650 3100 1300 1800
2021 40 4000 8 1200 8 1040 6240 2930 3310
2022 70 7000 14 2100 12 1560 10660 4650 6010
BFITX YA
RhETTR 0 A RS 20005
26. 00% Em{ﬁ 40%
9. 00% — AS(EA: Hh14005 BT EER;
e 6005 Tz, 237
11. 00% AT A . RTEALURABREES
19. 00% Ty HhAH 5% ;Qﬁ@jﬁ ﬁﬂﬂﬁ*&&gﬂ:@ﬂj
00% st /AR

35. 00%

E# FhisiRH



o

| wsmn e
FRAEAT= RS EE R A
St EEERER | e ,
e FEEREPOEEE | 144%3DTEI
(FRE+ERAN)
5 ToN & ToN B ToN ~ — _
(Fm2) (57%) (Fm2) (F7%) (&) (F7%) o) | (o) J270)
2020 | 20 2000 3 450 5 650 3100 | 1300 1800
2021 | 40 4000 8 1200 8 1040 6240 | 2930 3310
2022 | 70 7000 14 2100 12 1560 | 10660 | 4650 6010
ahs N sI 7)\{\/\
R R Sl B 20005
26. 00% Bk : 40%
0. 00% R BSER: He14005 T =4S,
iy 600 T . A5
11. 00% NI A S RIALIRATIAREES
i i Hb A 5% RRAER: EEREE LR H
19. 00% Ho FhaEHEES

E# Fh/eiRH

35. 00%




. N ,;‘ﬁmul‘l'i 1L
% ".,.‘F’ ._. 1 >

ey
- EBETARY
S S ReEERaRAT
W8R8 iXMEF: 15254206582
e ¥F L 15715329049
— . . .wuweizhizao@126.com

| - http://www.wuweizhizao.com




