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¢ Continuous Inkjet
’ Drop on demand
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! Letter-press-Flexography
2 Gravure

3 Offset- Lithography

* Screen Printing

3 Printed Electronics
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Substrate

Ink recirculation System
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! Thermal inkjet
? Piezoelectric inkjet
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! Aerodynamic
2 Electrostatic
3 Satellite droplets
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' Biosensor

2 Analytical

3 Poly(3,4-ethylenedioxythiophene/Polystyrenesulfonic acid)
(PEDOT/PSS)

* Glucose oxidase (GOD)

* Indium tin oxide

®Semi-permeable membrane
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Thin ink-jet printed PEDOT layer

PEDOT

Exposure to alcohol
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Sodium alginate solution with cells
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Fibrinogen solution with cell
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3 Bioprinter

* Thermal Evaporation
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! Hydrogel
2 Three dimensions
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3 Poly(BiphenyltetracarboxylicDianhydride-Co-Phenylenediamine)
* Resistance/Capacitor

* Organic light emitting diode

¢ Small molecule

Joloylact/s Hlewals/J o ada/ S5y slada jo iladlos caa g 45 — cale da pudi

(S O A0 S § i (0G0 Moo

Ol oo Sy xS Dl adgs jo lidhmgr o Kol 6 05 S

Bged 0,Lal 5550 le0 4

oLl g2 gy 4 RFID o ool -1-F-F

b bye slaosls gpslaer 5 polie 5055 (olulids ©)555 059,
ok o Dledlbl 5955 Cqx Ll cdlbs 4 5l g L]
@ b el eleinl 5 Gl (ele (Saio Gladsye
Sy 5 oladl Lot Glaliss sl U 5 a8 Lags ol 51 slacgae
Auto ID ezl 4y b 5 5055 ololis 08 5 o colaiul ile lawgs
(@5 Gl 5oss olulid slagiven 25T Bua gd o 4TS
lo)l5 bl sl LSS o g3luslil 5 Sledbl 395 sllas tals
solazwl b ‘RFIDG”L;_% ol Gl e 4 S (B mg e el e
5 2bo, Qa5 lalid (Sl gl slaasley 5 i @lbls )l )
ol SSs 51 DAL wles o pal3 1) Sllgs g ol Lol cu poe
Toe Jsb odguzme ;0 RFID (locuwz p ool Cuxr (ladling>
b b yob youds 5 321 akes 51 DVA-YN] JT soayY 115 5, 2 UHF
A JS2) 39 oolial (ool (LB aise

r N -
o
‘& | Battery |
{cl bY i {a)
&lai (€) gilo ol ok (b) cddlS(@) 1Y 45 55y 0 T ol A JSS
3] ool ts

JAS jsbin & 5 6ol sloplazlo 51 (s o RFID 5,505 |
ol el 4 YT (Baiiigd b 00,8 oo colatul (LSS ooy
oolaiwl (5,0l8 cpl Il blae jo 045 DV game I Sg Sl
ol JysS g o)lla ln e (oo lasls (S wileie

DAYY] Wlosgas oslil 598 (5,5l

oLl g gy 4 oy plod (55 cSlw -Y-F-F

L lsa 3 sl aliwss a5 Lls, (jlse axan oo 5l cunl o\l 5>
49 WS o 5,085 1) SO Sl 655 by sle ileads s oo 5l Bl
g sl Ll 5l aiad g 0o soliul Lalylas 4o dacsglic of yon
IVY] 095 0 08 1 0100 puiine sl 2 5Ly Sllugs (0903

sk Sl Gladl eer By, @ ek pled il CSle
b g @Yl Sbs glge 4 YL Ul cllE L PEDOT/PSS
Ol 1y el ples ol alaie mhaw A-a S5 0gd oo oslaiul

! Radio Frequency Identification
2 Ultra-High Frequency

Y




Il

S1C paisme & 50 @) peizms s S50 4 Ll o i1 Jy Wi oo
douglio dosgs b oolyen (Wgdios odnal oz = 9S00 izeen
Sig sl b e S el sl (g sl Slabad S5 5 oyl
5,8%kes 0uS ol gaige ds o3l pedlyy ST g o ooliiul 5 W s
©2 Sl 390 az ST oiils )by Cusl Gl s |y Hetn 515 S
35 oslatal 5y Cusi (sl sl Sl Glyiee 45 20 22
oy xSl 0,i5 o3 gl sol> sbloymem 5l oolizul b [YA-Y-]
wslo gladhagr ol alega bodies " J1 6 &Y 53l
Sl e s 35 Sz VoM kS 4 08 (o9l D)3 ailend
TSk o3 A5 55 2 0 bl gz igye I (53l
TS Y sl edie oz ggi Y am calis
¥ 3Sas) DHAT! wile Ulo, des olge e ise, LY s
Glopl 4 Gladlimsa hg; 4y o gl o)k glaag 2SIl (Bs

LV g oo Lo oS G35 & Juaie Jlo ) “s5 5 goie

s M s i M
o s W4 El

o,w-dihexylquaterthiophene (DHAT)

{AYAI(OTFT) I Sl Y g il 51 AS slai =¥ JSS

Sl ppex (fig) 4 Gl 95 Jobw colu -0-F-F

S ) gty @5yl & cwl Gl eandnes sk
2205 S36by05 ladshe aleige Jras w5 4 Sl ggis
anle alizee glaolliws p3¥ olgs (oged wal3 sln g als ()l
9 JUI g 236 ladoe p3 (Ko SISl by olus dle
LrY-r¥] 6,5 o )18 ool 090 50 a5

) Groek sowdysr sladshe colo ol pladheser Olr wnls
dolie 5 OlS sadyor sladshe ln o)) iRy & wils
b ladad Y 25 W JSS 0 anibior Gk b 0sd a2le
PEDOT:PSS aliwg: ol 0uds (259, ITO L a8 3y Gillass!  Seiwsdly
bglte (s 3580 GLidlya52 Ol Ve v M dga o (el @
Gt 5 0380 oams lsie 4 "PIHT Jals gz ' on 58 (s ol
Ve nm Sgas 53 Gl &) o009 S 00 lyze 4 "PCBM (5 o3

2 Organic Thin Film Transistor (OTFT)

3 Silicon wafer

* a,0-dihexylquaterthiophene

° Drain

¢ Photovoltaic effect

7 P3HT:C60

8 Poly (3-hexylthiophene)

?[6, 6]-phenyl C61-butyric acid methyl ester

\al

... DOD Lidl s> b Sl & g0 o )5

Ol iyilanl sl ey oainss slaogs Sledlmsy cols
1wyl Bl b 5 onds gl el amio wiile a5 la Sitsles wlgs

Emisstea Layer | Organic
ar Bofa ers]

Tonducthes Layes
D ganic Miokecubes ar
[Pty axs]

Substrate

A10] 5 ouisS gl o0 (M5 L5l - )+ K3

\ /———RED NOZZLE
\1, |
SINGLE %/
RGB | 1 DROPLET
PIXEL
| DROPLET
i TRAJECTORY

VECTOR

PRl by sl 0dind)50 Slye (55 looylaS ol )5 - ) S
A18] Sasloi c5lo s mlaws o lislog>

1% Slge 45 Zewl OLED 5l g5 (PLED) (s youls ;5 00S a5los 0gus
9y Ot Ol 4 plidhese Gl s eds sk g5 5l Ol eains
50 Bb oo cdimd g sleogs goi ol 5l A i, sl Kinles odgs
PLED Sisles csle jo Sladleg> anls jlsolaral (V) JS2)
PLED (slo,Kisles gladlyag> oy o ol ool ool igles
Slgo gz (wlua Jlows Slaggea¥sed 4 oliws i ola il
Ygors gz | sload malas 3 ) o (lstr &5 (slisS & (s pouly
oS B L8 Y nh sy p eaRie de 0 1) S (naix
Ol Ojgo @ Wlgi oo 0ol Jlidlimgr o)lad x> 3 s

I¥eXY] 595 oaalie PLED Sioles jusls o o (ol

51 eolaw! b S0 Y b yginm 3l el —F-F-F

LSl g2 (9L
9 o 9ile (Ul y dous Slge a8 el Loluog 51 (S g 15
solitl wlflazr &jso 4 jeia baysn il osbie wisle ol

! Polymer Light Emitting Diode (PLED)

Jgl o slat/A s (linnls) Jgf ala/ S5y sl ya Slallbs 29 55— pals da yds




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

M. Hutchings, "Inkjet printing in micro-manufacturing:
opportunities and limitations", Institute for Manufacturing,
Department of Engineering", University of Cambridge,
Cambridge CB3 OFS, UK, 47-57, 2009.

Y. Wang, J. Bokor, A. Lee, "Maskless Lithography Using
Drop-On-Demand Inkjet Printing Method", Emerging
Lithographic Technologies VIII, edited by R. Scott Mackay
Proceedings of SPIE Vol. 5374, SPIE, Bellingham, WA,
2004.

H. Ujiie, "Digital printing of textiles, 1** edition", Woodhead
Publishing, 2006.

S. M. Bidoki, D. Mc-Gorman, D. M. Lewis, M. Clark, G.
Horler, R. E. Miles, "Inkjet Printing of Conductive Patterns
on Textile Fabrics", The AATCC Rev, 5, 11-13, 2005.

D. J. Tyler,"Textile Digital Printing Technologies",Textile
Progress (The textile Institute), 10 ,1-64, 2005.

S. M. Bidoki, J. Nouri, A. A. Heidari, "Inkjet deposited
circuit components", J. Micromech. Microen, 17, 967-974,
2007.

M.Chaplin,"Whatare biosensors", <http://www]l.lbu.ac.uk/
biology/enztech/biosensors.html/ Viewed in 2004.

L. Setti, A. Fraleoni-Morgera, B. Ballarin, A. Filippini, D.
Frascaro, C. Piana, "An amperometric glucose biosensor
prototype fabricated by thermal inkjet printing" Biosens.
Bioelectron., 20, 2019-2026, 2005.

M F. Mabrook, C. Pearson, M. C. Petty,"An inkjet-printed
chemical fuse", J. Phys., Conf. Ser., 15, 39—44, 2005.

M. Nakamura, A. Kobayashi, F. Takagi, A. Watanbe, Y.
Hiruma, K. Ohuchi, Y. Iwasaki, M. Horie, 1. Morita, S.
Takatani, "Biocompatible Inkjet Printing Technique for
Designed Seeding of Individual Living Cells", Tissue
Engineering, 11, 11/12,1658-1667, 2005.

C. Henmi, M. Nakamura, Y. Nishiyama, K. Yamaguchi, S.
Mochizuki, K. Takiura, H. Nakagawa, "Development of an
effective three dimensional fabrication technique using inkjet
technology for tissue model samples”, Proc. 6" World
Congress on Alternatives & Animal Use in the Life Scie,
Tokyo, Japan, AATEX 14, Special Issue, August 21-25, 689-
692, 2007.

K. Cheng, M. H. Yang, W. W. W. Chiu, C. Y. Huang, J.
Chang, Y. Yang, "InkJet printing self-assembled
polyelectrolytes, and electroless plating: Low cost fabrication
of circuits on a flexible substrate at room temperature",
Macromol. Rapid Commun; 26, 247-264, 2005.

Kamyshny, M. Ben-Moshe, S. Aviezer, S. Magdassi, "Inkjet
printing of metallic nanoparticles and microemulsions",
macromol. Rapid Commun., 26, 281-288, 2005.

H. H. Lee, K. S. Chou, K. C. h. Huang, "Inkjet printing of
nanosized silver colloids", Nanotechnology, 16, 2436-2441,
2005.

L. Dearden, P. J. Smith, D. Y. Shin, N. Reis, B. Derby, P.
O’Brie, "A low curing temperature silver ink for use in inkjet
printing and subsequent production of conductive tracks",
Macromol. Rapid Commun., 26, 315-318, 2005.
Sakharavesh Company, "What is RFID?", Viewed in 2003,
<http://www.srco.ir/Articles/TipsView.asp?ID=574>, 2003.
L.Yang, A. Rida, R. Vyas, M. M. Tentzeris, "Novel,
enhanced-cognition", RFID architectures on organic/paper
low-cost  substrates utilizing inkjet technologies",
International J. Antennas and Propagation, vol 2007, Article
ID 68385, 2007.

S. Molesa, D. R. Redinger, D. C. Huang, V. Subramanian,
"High-quality inkjet-printed multilevel interconnects and
inductive components on plastic for ultra-low-cost RFID
applications", Mat. Res. Soc. Symp. Proc., 769, H8.3.1-
H8.3.6, 2003.

D. Redinger, S. Molesa, S. Yin, R. Farschi, V. Subramanian,
"An inkjet-deposited passive component process for RFID",

(S5 S YD S § wmnd (0G0 MO0

2 'LiF 5l gl ol 008 on Sledlmez (LS sl 4 gl 5
aY (s, 4 8 & e 058 - secl Y 55, 5 Ve A° Culis
Sl bcaled o 5 oal ooy )15 (LS Y mhaw )l 56 )0 Sl
s 098Ul JSas cg LiF (59, » Ve M Sl 4 pgriegl]
ok colos &0 (pl @ 5 0ad oaidgy M psed g, 4 Glad 4Y

I¥F] o900 so JolS (g0t 95

&35 A -0
o5 039y Alidea clpl g olliws ags g Jhe) Su SLadleer Ol
aos g g3lepd (g3l lag b it adg CollB iz Sblje
b odg Vb zsss (Jlemmd ST L g peiitens Ojg0 4 1) g0l
b sead anlyd g (Solo (omly olulo g cwd il b ()05 obsS
orlsd g e a4 Ol 1 g, 0l o sl 03gai il o7 (ST
$9) = At slge Jlastal Bl Y ) 5 ol alobo o (So 58

- +

mo

AYF] T ounis 55 sloo Sl -1 1 IS

gl Slw (pizmed Al oo pus pdiSllanl g e slaaY 5
a adged Sl 500 ke bg ol JolS slge Jlasiul ol o
ol el ;o Jis; cnl wdloe (2lHl 050 4 Gladliasr o,
ol 5 ot 58,5 IS 4 0 lacdl s 5 oS S clab
e Jshe slacly (R Giie Ol al) Oy Sl b,
G lize il g oles adgy ;o Jladlimem g, sl colaiwl .l 03503
09381 555 SL3ls 4 (Feoly Wlgioe T 9 jloms Sl LB L ol jon
Olegias adg liwly ;o pdybllasl 5 aiedon (29, 4 mlio 5 pole

sl Galisee

&zl -F

1. P. Calvert, "Inkjet printing for materials and devices. Chem.
Mater. 13, 3299-3305, 2001.

2. B. Michel, "Printing Meets Lithography", American Institute
of Physics, 16-19, 2002.

3. P. Kiddell, C. Swift, "Principles of Digital Printing",
<http://www.pdsconsulting.co.uk/2007/Library/Printing_Dig
ital.asp>/ Viowed in 2011.

' Lithium Fluoride
? Polymer-fullerene

¥¥

Joloylact/s Hlewals/J o ada/ S5y slada jo iladlos caa g 45 — cale da pudi



30.

31.

32.

33.

34.

35.

o

P.C. Chang, S. E. Molesa, A. R. Murphy, J. M. J Frechet, V.
Subramanian "Single monolayer inkjetted oligothiophen
organic TFTs exhibiting high performance and low leakage"
J. A. m, Chem., Soc., 126, 1596-1597, 2004.

S. K. Volkman, S. Molesa, B. Mattis, P.C. Chang, V.
Subramanian, "Inkjetted organic transistors using a Novel
pentacene precursor”, Mat, Res. Soc. Symp. Proc., 769,
H11.7.1-H11.7.6, 2003.

D. Kim, S. Jeong, S. Lee, B. K. Park, J. Moon, "Organic thin
film transistor using silver electrodes by the ink-jet printing
technology", Thin Solid Films, 515, 7692-7696, 2007.

Solar Cell, "Wikipedia, the free encyclopedia", Viewed in
2011, <http://en.wikipedia.org/wiki/Solar_cell>, 2011.

T. Kaydanova, A. Miedaner, C. Curtis, J. Perkins, J.
Alleman, D. Ginley, "Inkjet printing approaches to solar cell
contacts". presented at the national center for Photovoltaics
and Solar Program Review Meeting Denver, 24-26,
Colorado, 2003

V. G. Shah, D. B. Wallace, "Low-cost solar cell fabrication
by drop-on-demand Inkjet Printing", Pro. IMAPS 37"
Annual International Symposium on Microelectronics, Long
Beach, 14-18, Canada, 2004.

23.

24.

25.

26.

217.

28.

29.

... DOD Lidl 2g> b Sl &g o )8

IEEE transactions on electron devices, 51, 1978-1983, 2004.
Capacitor. Taken from Wikipedia, the free encyclopedia,
Viewed in 2011, <http://en.wikipedia.org/wiki/Capacitor>,
2011.

Y. Liu, T. Cui, K. Varahramyan, "All-polymer capacitor
fabricated with inkjet printing technique", Solid-State
Electronics, 47, 1543-1548, 2003.

Diode, "Wikipedia, the free encyclopedia", Viewed in 2011,
<http://en.wikipedia.org/wiki/Diode>, 2011.

C. Summitt, "OLED Fabrication for Use in Display
Systems",

Viewed in 2009,
2009.

J. Halls, "Ink-Jet Printing of PLED Displays", nformation
Display 2/05, Viewed in 2005,
http://www.tinhoahoc.com/Semiconductor/IJ.PLED1pdf
/2005.

M. A. Randolph, "Commercial Assessment of Roll-to-Roll
Manufacturing of Electronic Displays", MSc Thesis,
Massachusetts Institute of Tech., 2006.

Transistor. Taken from Wikipedia, the free encyclopedia,

Viewed in 2011, http://en.wikipedia.org/wiki/Transistor
/2011.

<www.u.arizona.edu/~crs2/OLED.pdf>

Jloyladt/ s Hlwusls/ J gl ala/ S5y slada jo iladlos o209 45 — cole da pdis



