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| A METHOD OF IMPROVING THE CHARGE INJECTION TO ORGANIC
FILMS IN ORGANIC THIN FILM DEVICES 5 BACKGROUND OF THE
INVENTION Field of the Invention 10 [0001] This invention relates in
general to the material science fields, and more particularly to organic
thin film devices. Description of Related Art 15 [0002] The research and
development of organic thin film devices has been attracting a great deal
of attention over the past two decades. This attention can be attributed to
some favorable characteristics of these devices, for example, their
fabrication process is rather simple, and the production tools required are
relatively uncomplicated and inexpensive. The 20 manufacturing

requi _not stri _ ' icat n flexi
AR R e B O TR Fifwes
inexpensive and the consOREHOHOTHEN MaMHAIY ISR less than with
competing technologies. These characteristics result in a far lower
manufacturing costthan current Si or Ge semiconductor devices, see
Shaw, J. M. and Seidler, P.F., Organic Electronics: Introduction, IBM
Journal of Research angd Reuetopmentodanuan 2e8dripage 25 3-9,
volume 45, IBM Corporation, USA. [0003] Applications of organic thin film
devices include, for example, organic thin film transistors (OTFT), organic
thiridfivfiisttrageidevices (OTFSD), organic light-emitting diodes, organic
thin film solar cells (OTFSC) and organic thin film lasers (OTFL).

[0001] This invention relates in general to the material science fields, and more

particularly to organic thin film devices.

Description of Relaied Art

[0602] The research and development of organic thin film devices has been
attracting a great deal of attention over the past two decades. This attention can be attributed to
some favorable characteristics of these devices, for example, their fabrication process is rather
simple, and the production tools required are relatively uncomplicated and inexpensive. The
manufacturing requirements are not strict, and the devices can be fabricated on flexible substrates,
In addition, organic materials used in these devices are inexpensive and the consumption of the
materials is far less than with competing technologies. These characteristics result in a far lower
manufacturing cost than current Si or Ge semiconductor devices, see Shaw, J. M. and Seidler, P.F.,
Organic Electronics: Introduction, IBM Journal of Research and Development, January 2001, page

3-9, volume 435, IBM Corporation, USA.

[06003] Applications of organic thin film devices include, for example, organic thin film
transistors (OTFT), organic thin {ilm storage devices (OTFSD), organic light-emitting diodes,
organic thin film solar cells (OTFSC) and organic thin film lasers (OTFL).
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WO 20061005172 PCTICA2005t001069 -2 [0004] OLEDs have been
widely acknowledged to have a potential to replace liquid crystal displays
(LCD) as the next generation of flat panel display (FPD) technology, as
stated by Barry Young, Status of OLED Manufacturing & Search for New
Applications, OLEDs, 2003, Intertech, Portland, Maine. The light-emitting
Wi@t4aristh of OLED is rather simple. Special light emitRA SAaifERIeso
materials, e.g. small organic molecular materials and polymers, such as
Alga, PPV derivatives and polyfluorene derivatives, are inserted between
two electrodes. When a voltage _i§ ‘applied to the electrodes, the organic
‘materials emit light: In principle, a single pixel comprises red, green and

[0004] bluLlightiemitiing organicraHaERis ﬁﬁ%@@‘?Hﬁﬂ@ﬁﬂ@%ﬂﬁc@lﬂﬁwﬁ%%%tal
display? Jﬂi‘ﬁ}'ggtf@% e}%f%'le%ﬁ/%t ge on r%sg)e tive electrodes of the three
ofganic matenalS Wil TeaUlt i PEEHAIP ESI6F Do (6 irgiRay o YR hrdbarry
Young, (a5 POVEDMrawéu st périehdis filalshayelanismber BHaden! agesch,
PortlandNSIHEINOGNKESOIUL i rightness, thinness, light wejght,
o an low power co%msumé%?%%?ﬂ%g%ﬁﬁg&?dﬁﬁﬁé R n%‘hlﬁlfg% LfRgtee
organic frgERebs i io PR irratfrePrsitiple. mrmabaredtintivmstinokide Al (I POY
derivaticoatetipglatsosite sieataortexinlaLRnducting SUPSAls s UsS! ovallage is

. . electrode. Organic materials can be evaporated (for small organic
wpplied 1 e e e T AIFTI b PO SHRlf ATGHele G ieprises red
green arelbbtedid! Thittiothepelecteacilis anlialldenasied aaindbe Aganis s

tied O¥YRRYSICAL VAR Aeposition, (PYD). The thickness of this basic structure
app_ie of t%aOI'_E is on the (c))?%3 e(%ﬁ{g% g\’éne‘g r%/a%ﬁ%&asfgbwéyrff&ﬁtr@ TRty
oflight fypmthe pixgbe Tang, C. W. and Van Slyke, S. A. 20 Applied Physics Letter,

Organic Electroluminescent Diodes, September 1987, pages 913-915,

o U ST e o e U e oo .
emaordpage_g)ﬁ@ﬁeemokzﬁﬁaess,vqghmevaghtjhsteoM'Bsﬁ%nOLfﬁap@ﬂéﬁ%izi :
AdditiG%H%%esmggﬁgc%%%&g%égsg%f C}LED‘ ingz?t ela?zfmglep ’Tgl'risparrce);\tl Tﬁcﬁm? fi’n'\él:gcries’
(ITO) coated glass substrate or flexible conducting substrate is used as an electrode. Organic
materials can be evaporated (for small organic molecules), spin-coated or ink-jet printed (for
polymers) onio the electrode. The other electrode is normalty deposited onto the organic films by
physical vapor deposition (PVD). The thickness of this basic structure of the OLED is on the order
of Ium. A typical OLED structure is illustrated in FIG. 1, see Tang, C. W. and Van Slyke, S. A.
Applied Physics Letter, Organic Electrohﬁninescent Diodes, September 1987, pages 913-915,
volume 51, American Institute of Physics, USA; Adachi, C., Tokito, 8., Tsutsui, T. and Saito, S.
Japanese Journal of Applied Physics, 1988, pages L269 and 1,713, volume 27, The Japanese Society
of Applied Physics, Japan; Burroughes, J. H., Bradley, D. D. D., Brown, A. R., Marks, R. N.,
Mackay, K., Friend, R. H., Burns, P. L., and Holmes, A. B. Nature, Light-Emitting Diodes Based
on Conjugated Polymers, October 1990, pages 539-541, vohume 345, Nature Publishing Group,

London.

[0006] Industrial experts predict that OLED technology will engage the market competition of flat

panel displays soon. Austin based DisplaySearch, a market research and consulting firm for
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Mackay, K., Friend, R. H., Burns, P. L., and Holmes, A. B. Nature,
Light-Emitting Diodes Based 25 on Conjugated Polymers, October 1990,
pages 539-541, volume 345, Nature Publishing Group, London. [0006]
Industrial experts predict that OLED technology will engage the market
competition of flat panel displays soon. Austin based DisplaySearch, a
woartkebggsearch and consulting firm for WO 2006/0051 %2 1/cA2005/001069
PCT/CA2005/001069 -3 displays, predicts that likely 50% of the world
mobile phone market will use OLED technology by 2010 and OLED
based computer screens and television sets will appear between 2010 to
2015 as stated by Barry Young; $tatus of OLED manufacturing & the
disia Search f%r qim{ %p ications, OLEDs 2003, Intertech, Portland, Maine.
PAYSRIKS Tpsdn, §HapAreh ESRTAMY aanS Bh LR PEER tsebeniogany,
2010 areQEHSbtasrdcentbyiprodeucadial 40itgbupEaioDE ahabMlED (iSR! 5 as
itisalissues.that.haye.impeded the industrialization_of
s s e S Beghage OLD
2003, Interteehulordaghibiine [Heiks Epidotimbphes, 000 phoursd fsn@idE Dy, Kbitsn
compaeBhvhasI G A ohatund ARG S EXRIIE, Ifetime of
OLED 10 displays is a core issue among industrial and scientific
communities to make OLED technology competitive to make OLED

[6007] teﬂim?dﬂgyiﬁcumsﬁﬁﬁ‘ﬂat a&s&ai@dléﬂ}ﬂﬁaﬁﬁmm%oﬁt@f%%@cmogy are
ofpll ing & rch for New Applications, OLEDs 2003, Intertech,
e e (DRI AR el 67 Aot RS oA BBt
hours, bighpkde e ehfisidHejramd axten iR 0 Bolifetifxehyimmieoibing: of OLED
displayd HerRRALERARAEINREHANG ofdlclBIRI dyginapolymer fitn
P ay_bletween the ano e%ﬁ%ﬂ%ﬁaﬁ%ﬁ%ﬁ%ﬁ%@%&gﬁ%ﬁ?%g) tg%%omgy
competifse, i ARERD tSehmalosk compeitive s MRkdrbziBarty YodrReolust OTED,
manufadelitqgneeik NaterialsNRe H@lf&aﬁm,'@l@j@)ﬁﬁmiﬁﬁﬁ?t@@, RS Maine.

Derivatives: Past, Present, and Future, July 2000, pages 481-494, volume
12, Wiley-VCH Verlag GmbH, Germany; inserting a thin layer of inorganic-

[0008] filtnwubtr abdittiods fivorice, frepaedndheprove OLED efficiency and extend its
Iifetirme by smoothing interfacial charge injections, ¢.g. inserting a conducting polymer film between
the anode and the orgénic film, such as PEDOT-PSS, see Groenendael, L., J onas, I., Pritag, D.,
Pielartzik, H. and Reynolds, J. R., Advanced Materials, Poly(3,4-ethylenedioxythiophene) and Its
Derivatives: Past, Present, and Future, July 2000, pages 481-494, volume 12, Wiley-VCH Verlag

GmbH, Germany; inserting a thin layer of inorganic film, such as lithium fluoride, between the
cathode and the organic film, see Hung, L. S., Tang, C. W. and Mason, G. C, Applied Physics Letter,
Enhanced Electron Injection in Organic Electroluminescence Devices Using an AVLIF Electrode,
January 1997, pages 152-154, volume 70, American Institute of Physics, USA; and most recently
inserting a thin layer of organic salt between the anode and the organic film, see Zhao, J. M., Zhan,
Y. Q., Zhang, 8. T., Wang, X., Zhou, Y. C., Wu, Y., Wang, Z. J., Ding, X. M, and Hou, X. V.
Applied Physics Letter, Mechanisms of Injection Enhancement in Organic Light-Emitting Diodes
Through Insulating Buffer, June 2004, pages 5377-5379, volume 84, American Institute of Physics,

USA. All of these have certain limitations and the manufacturing processes are complicated.

[0009] Doping organic thin films with organic salt was proposed by Alan J. Heeger etal. in 1995.
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20 cathode and the organic film, see Hung, L. S., Tang, C. W. and Mason,
G. C. Applied Physics Letter, Enhanced Electron Injection in Organic
Electroluminescence Devices Using an Al/LiF Electrode, January 1997,
pages 152-154, volume 70, American Institute of Physics, USA; and most
recently inserting a thin layer of organic salt between the anode and the
organic film, see Zhao, J. M., Zhan, Y. Q., Zhang, S. T., Wang, X., Zhou,
Y.C.,Wu, Y., Wang, Z. J., Ding, X. M. and Hou, X. Y. 25 Applied Physics
Letter, Mechanisms of Injection Enhancehient in Organic Light-Emitting
Diodes Through Insulating Buffer, June 2004, pages 5377-5379, volume

%2_3 Am%l?@ih ﬁﬁﬁ'%@]@ﬁt%m{%; ddShs @‘Hﬁb@%@%ﬂ?ﬁ}g@%e Pei, Q. B, Yu, G.
Ig]gltatlonsa;\nd the m nufactunng processes are complicated. [0009]

ifighordafie thif S Hitn brijantéBeit WASHTopSREH Y Ridr <y rochemical Cels.
HMeggerd Etoakdged 008: HBST hadumethdd Sawriraprissecighndmigsianvbuthast Science,

) @Mﬂt@%r@fﬁi’S@Q\@r}tggﬁﬁ,é?Q}Bﬁé @ B ﬁl;'eg@l*, ANBNG el gf%ger\{can Chemical
nd Hp ger, A.LL. Science, _Folym%ighthm[ttm _.Electrochemical Cells, . .

g%ﬁ@ugt RS LRGeS 0BG ToEE VaRiThe- 569, ARE AR AL S il bymitting p-n

thecAdvdigemerss 3E1e116a8%, WsMeRaR, QrBricafiggnicaNeri@y, Kisand: @es not raise

@H%%?&nﬁhéd%%@%éﬁﬁm%%&ﬁﬁ Ghemicalaosigtyolymer
Light-Emitting Electrochemical Cells: In Situ Formation of a Light-Emitting

p-n Junction, 1996, pages 3922-3929, volume 118, American Chemical
Society, USA. It does not FaiséMaR dttention, BntENE@svice doped with
organic salt has a severe hysteresis. 10 SUMMARY OF THE INVENTION

I[I?qgi&‘l In a first aspect of the present invention, there is a method of o
actANG ORI i PRIFRGSVIBBO RIS SIAT TSt et assawittganic thin
dhrodganic ratenighintbefirspsall entotharehy ot&promiding afirstisolutionst, thereby

‘Bj%%@?ﬁi@g %M‘af&%‘}?a%ﬁl%g %99&9&?&'%%%n”é.%&%%d%&‘éi%@Qh@reby providing a

second solution; blending the first solution with the second solution,  ~
THETRD BIRIMY S hralat S8Ry dhB SRy e Bl edi RiBr dige @ blended
prepane orgasig thin Hitmidnstheimanyfactr e@htivethin films in the manufacture of the

organic thin film devices.

[0011]  In a second aspect of the present invention, there is a method of manufacturing organic
thin film devices comprising the steps oft dissolving organic material in a solvent, thereby
providing a solution; adding inorganic salt into the solution to make an inorganic salt-doped organic
material sofution having a concentration of inorganic salt between 0.1 ppb to 10,000 ppm; and
using the inorganic salt-doped organic material solution to prepare organic thin films in the

manufacture of organic thin film devices.

[0012]  In a third aspect of the present invention, the inorganic salt is from the group consisting
of MinXm, where M is a cation, X is an anton and n and m are each whole numbers, wherein the
inorganic salt is selected from the group consisting of LiF, LiCl, LiBr, Lil, NaF, NaCl, NaBr, Nal,
KF, KCl, KBr, K1, RbF, RbCi, RbBr, Rbl, CsF, CsCl, CsBr, Csl, BeF,, BeCl,, BeBr,, Bel,, MgF,,
MgCl,, MgBr, Mgl,, CaF,, CaCl,, CaBry, Cal,, SrFs, SrCly, StBr,, Sil,, BaF,, BaCl,, BaBr, and
Bal,.
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organic thin film devices. 20 [00111 In a second aspect of the present
invention, there is a method of manufacturing organic thin film devices
comprising the steps of. dissolving organic material in a solvent, thereby
providing a solution; adding inorganic salt into the solution to make an
inorganic salt-doped organic material solution having a concentration of
ViR aveeiid Balt between 0.1 ppb to 10,000 ppm; and usiRgTiia sy siaic
salt-doped organic material solution to prepare organic thin films in the 25
manufacture of organic thin film devices. [00121 In a third aspect of the
present invention, the inorganic salt is from the group consisting of
MnXm, where M is a cation, X is A anion and n and in are each whole
eLal ' | ' ed.from the groyp consisting
O T R, Rt kb TS B R o
such as ggeifionspsialy spele bowed acareposin bepx B CrRriBeBr2, Bel2,
MgF2, MgCl,, MgBr,, Mgh, CaF2, CaCl,, CaBr2, Calz, SrF,, SrCh, SrBr2,
ri2 B%EZ B%%}% BaBr2 and Bab. WO 2006/005172 ) _
B700 OB B R R p e B Sifb PEshic Einidn dyiksay Bse gy
thin filmdeyinenabdectsiefsthednvéritiomdethed mblations oHeRiasHABSIQRanic
materia[AGHAIS SAMASAP oG ES AARANLID Ne-groanic materal, 190131 Ing

fourth aspect of the present invention, there is an organi

three o poge Slegiidess epfritiles Gisvide fstieries at least a pair of electrodes and a

thin fihrt of inorganic salt-doped organic material adjacent each of the
electrodes. In further aspects of the present invention, there may be three
or more electrodes used in the thin film device. 10 BRIEF DESCRIPTION

OF THE DRAWRIEE S [30T4) Tihe! pe e ventisiswill be more readily

understood from the following description of preferred embodiments

thereof given, by way of example, with reference to the accompanying
[0014] The present invention will be more readily understood from the following description of

preferred embodiments thereof given, by way of example, with reference to the accompanying

drawings, in which:
FIG. 1 is a schematic view of a prior art organic light emitting diode;

FIG. 2 is a schematic view of an organic light emitting diode of one embodiment of the present

invention; and

FIG. 3 is a schematic view of the organic light emitting diode of FIG. 2 under a voltage bias.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] Referring to the figures and first to FIG. 2, this shows an organic light emitting diode
(OLED) indicated generally by reference numeral 10. The OLED 10 comprises a cathode 12, an
inorganic salt~-doped organic thin film indicated generally by reference numeral 14, an anode 16 and

an anode substrate 18, The organic thin film 14 comprises an organic material 17 doped with one
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drawings, in which: 15 FIG. | is a schematic view of a prior art organic light
emitting diode; FIG. 2 is a schematic view of an organic light emitting
diode of one embodiment of the present invention; and 20 FIG. 3 is a
schematic view of the organic light emitting diode of FIG. 2 under a
voltage bias. DETAILED DESCRIPTION OF THE PREFERRED

WENMBOBIVENTS 25 [00151 Referring to the figures andefastiaor@1@2this
shows an organic light emitting diode (OLED) indicated generally by
reference numeral 10. The OLED 10 comprises a cathode 12, an
inorganic salt-doped organic thingilm indicated generally by reference
numeral 14, an anode 16 and an anode substrate 18. The organic thin

or morefii A CURPHNESEY %ﬂﬂf@@@f&ﬁ&éﬂu&gﬁ qgvith one WO

2006/005172 PCT/CA2005/001069 -6 or more inorganic salts indicated
generally by reference numeral 19. [00161 The inorganic salts 19 exist in

[0016] thBcfiloTdhdias RO DOIGSRECIESh AVB BraRRND 2R AR5 SRUARS s 34wl i ns

4 or iRAIrS indicated generally by reference numeral 20, or both. The ion pairs
o o S TR RBRHOD Bokbs, U Evedicmn o

- negativa/piadé 28, apostiowpoin BGUBdthencatiand 241mevEs tevwiaihg cathadg. |

cations 322 IGRNMRNSRsPY S iward fhe,anode 16, and the ion pairs 20,
reorient with the negative po%?i‘iu%ng%%%o 0] fﬁ‘é‘}ag'r{].'ct?lﬁe %?%Hé) thid the ion

pairs 20 poeigii it facnosn Brinedes briiaaditiberna, Iy hichbesuits épaatpeinted
to the cait@Efag]alpolasization 1004 Gepgialyspeaking, the anions 22

attracted to the anode 16, under the bias of the external voltage 26,
increase the anode work-function, and therefore lower the charge injection
[0017] Wampieaily speaking, the anions 22 atiracted to the anode 16, under the bias of the external

voltage 26, increase the anode work-fimction, and therefore lower the charge injection barrier
between anode Fermi level and the highest occupied molecular orbital (HOMO), which improves
the hole injection from anode 16 to the organic material 17. With the jon pair 20 reorientated as
described above, the negative pole 21 points to the anode 16, which also increases the anode work |

function, and therefore also lowers the hole injection barrier,

[0618] At the cathode 12, the cations 24 atiracted to the cathode 12, due to the bias of the external
voltage 26, decrease the cathode work-function, and therefore lower the charge injection barrier
between cathode Fermi level and the lowest unoccupied molecular orbital (LUMO), whichimproves
the electron injection from the cathode 12 to the organic material 17. With the jon pair 20
reorientated as described above, the positive pole 23 points to the cathode 12, which also decreases

the cathode work-function, and therefore also lowers the electron injection barrier,

{0019] In this example, the organic material 17 comprises polymer materials, which usually have
long alkyl chains in order to improve the solubility, which, therefore, prevents the film 14 from being
tightly assembled. Since the sizes of the anions 22 and the cations 24 and the inorganic salt 19 are
small, the ionic species can easily move in the film 14 and the ion pairs 20 have no problem to
reorientate in the film in an expedient manner, which results in a fast response to the external voltage
26.
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between anode Fermi level and the highest occupied molecular orbital
(HOMO), which improves the hole injection from anode 16 to the organic
material 17. With the ion pair 20 reorientated as described above, the
negative pole 21 points to the anode 16, which also increases the anode
work 15 function, and therefore also lowers the hole injection barrier.

WR I8 ATthe cathode 12, the cations 24 attracted to theCGA4EhgEEEPstue
to the bias of the external voltage 26, decrease the cathode
work-function, and therefore lower the charge injection barrier between
cathode Fenui level and the lowest unoccupied molecular orbital (LUMO),
which improves 20 the electron injection from the cathode 12 to the
organic material 17. With the ion pair 20 reorientated as described above,

[0020] t ostjtiv pole 23 points to the cathode 12, which also decreases the
catR OGO PR bH cdomera thr sdieds | bvaid i ensid iorrinjelotion the

mterfacilabqiniaege [@ﬁdﬂjﬂmﬂh&ﬁﬂﬁﬂdﬁﬁ@é@&ﬁ&%ﬁ@@i@&%@fgﬂg;ﬁ@@g{&%@r
Jmalerials, AV ong alkyl chains in order to improve the

the org | @ﬁ IWWEQ PHAY.DE saGItszl% ayt éwﬁ|¥r1ﬁ) ¢ vl%%ﬁ?%% ﬁ}ﬁhﬂ?}@hdo%}’

solubility, which, therefore, prevents

- and emigsion sRBfEHTSIABe BREhsrkalscoiaheoariohts 2&end thechatiena 24-amddtheD

manufadEkgINRsaL. 19 are small, the ionic species can easily move in the film
14 and the ion pairs 20 have no problem to reorientate in the film in an
expedient manner, which results in a fast response to the external voltage

[0021] 26\WR:A0DGH0GITR-RGTEHN 2005/00UARS, HIDORPL Fhearsisaly i,
. inale layer of ions on the cathode 12 and the anode 16 can enhance the
anion 2ZS an% anX m are eacf? WHOE %

interacial CRArGe injection A thiéréfdre the dopifld el Eianmes isgludes
metal cabngrgwerrjortRé dopininds hthearganionmprietiik? With dRP1RQEIMYEan
; ' effe clt 1ﬁlm orph y 5 and emission
e SIS DR 1 SRR P10 DB SR,
morganigyaiheah b s Ry rslieas denquo Sa] thhergerierakfoimula efdtie some

exampleDEGARIG Bathok de X gherg:as thg sation 24, X is the

[0022] The inorganic salt 19 may be selected, for example, from the following list of inorganic
salts: LiF, LiCl, LiBr, Lil, NaF, NaCl, NaBr, Nal, KF, KCI, KBr, K1, RbF, RbCL, RbBr, RbI, CsF,
CsCl, CsBr, Csl, BeF,, BeCl,, BeBr,, Bel,, MgF,, MgCl,, MgBr,, Mgl,, CaF,, CaCl,, CaBr,, Cal,,
StF,, SrCly, StBr,, Stl,, BaF,, BaCl,, BaBr, and Bal,. Other types of inorganic salts also may be

used.

[0023]  The OLED 10 of this embodiment is fabricated according to the following methods. The
organic material 17 can be doped with the inorganic salt 19 by a solution process or by other
processes; however, the solution process is the simplest. The typical steps in the solution process
are discussed below. It is understood that the whole process should be operated in a controlled

environment, e.g. a glove box.

[0624]  An inorganic salt solution is prepared by dissolving an inorganic salt in a solvent. The
inorganic salt may be a pure inorganic salt or amixture of inorganic salts. The solvent may be a pure

solvent or a mixture of solvents, for example, one of or & mixture of tetrahydrofuran, chloroform
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anion 22, and n and m are each whole numbers, e.g. 1, 2, 3,4, 5, 6 and 7.
The cation 24 includes 10 metal cations, and the anion 22 can include
halogen and complex anions. The complex anions can include carbonate,
perchlorate and fluoroboric anions. It is understood that one or more
different inorganic salts can be used concurrently as dopants for the
Vergeisittthaterial 17, and in some examples there may BE#Gaeeotmmene
organic material present. 15 [0022] The inorganic salt 19 may be selected,
for example, from the following list of inorganic salts: LiF, LiCl, LiBr, Lit,
NaF, NaCl, NaBr, Nal, KF, KCI, KBr, KI, RbF, RbCI, RbBr, Rbl, CsF,
CsC1, CsBr, Csl, BeF2, BeCl,, BeBr2, Bcl2, MgF" MgCl2, MgBr2, Mgl2,

1 4-dio%ak Alefombilo, GRB 2hAakRiatS o G1adiR BhySit 21,83 Eﬁcﬁz?e%ﬁol?ﬁ%@
the i and ‘BaiZ ,Ottpert pes of inorganic salts also may be used. 20 [0023] The
e Iorginers Y §BTOHPS SHh BOGARS IS AR REEG A CHESTaHPeS ierd diRArsgample,
the inonprefhedssofinenorganifilmaddnalilv gandse dapedilitkdhednorganic salt 19
by a solution process or by other processes; however, the solution
process is the simplest. The typical steps in the solution process are
[0025] gisewsswir asvial rolstimde pstpoddhatitvelwho kelighveedsishotlehamaterial
ito & AREAICHD. B 00RUNSK. 25 ROVIROMENL il UPGROK 10024 Ay

inorganic salt soluytion is prepared by dissolving an inorganic salt in a
polyflugrsREEAR BPIES GG RSt FrictlF e ARrHETRGRI YIRS RING P brisdesndvod in
chioroftnar ganlydaligad (TRIBDIvehboganhaa Phl CorsMeRLR LAY Bﬁ% QHaterial in

lve for e le, one of or a mixture of tetrahydrofuran, chloroform,
e o BB B AR S OOt & % D A BatgFieon
is next {iftgred; ethyl acetate, acetone, pyridine, ethylene glycol and methanol.
After the inorganic salt dissolves, the inorganic salt solution can be
filtered when needed. For example, the inorganic salt solution can be
[0626] fiﬁ’é‘?@}ﬂ’rg% ﬁﬂfﬁa‘?ﬁ@gbﬂﬁ{@ﬁd\mﬁﬁ! hepiRasin material solution to make the doped

organic materials solution. Generally, the doping level of the inorganic salt is very low, which does

not affect the film thickness and morphology. The concentration of inorganic salt in the doped
solution is around 0.1 ppb to 10,000 ppm. The exact concentration is determined by the

requirements of the light emitting material.

[0027} The blended solution is used to spin-cast or ink-jet print a film of the inorganic salt-doped
organic material onto an electrode substrate. The other electrode is deposited on the film, thereby
producing a single layer device. The above method can be extended to fabricate multilayer

structures.

[0028] Inorganic sali can also be directly added into the organic material solution to prepare the
inorganic salt-doped organic material solution, which is used to fabricate the film by either spin-

casting or ink-jet printing.

[0029] Doping organic light emitting materials with one or more inorganic salts not only improves
the light emission efficiency, but also lowers the turn-on voltage, which makes the usage of lower

work function metals for electrodes unnecessary, and simplifies the manufacturing process.
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5 [0025] An organic material solution is prepared by dissolving a
light-emitting organic material into a solvent. The solvent may be a pure
solvent or a mixture of solvents. As an example, polyfluorene can be
dissolved in toluene, o-xylene or p-xylene, and MEH-PPV can be
dissolved in chloroform, tetrahydrofuran (THF) or chlorobenzene. The
Vedretitpation of the organic material in the solution is detefintmesdbgsthe
thickness requirement of the film. The organic material solution 10 is next
filtered. [0026] The inorganic salt solution is blended with the organic -
material solution to make the doped organic materials solution. Generally,
the doping level of the inorganic“sga1t is very low, which does not affect the
film thickness and morphology. The concentration of inorganic salt in the
doped 15 solution is around 0.1 ppb to 10,000 ppm. The exact
[0030] cpeehrramsting MarariTad BiaterinisgolrefnesadcchihBliiglysmitingeneral
approadRaRNih HORRTEI B RIERARH SOIIRISHSCRIR AR MRS QR0 IRIRIDLS
...film of the inorganic salt-doped organic material onto an electrode
and lifefiSstrate. The other electrode is deposited on the film, thereby 20
producing a single layer device. The above method can be extended to

: fabricate multilayer .structures. [0028] Inorganic salt can also be directly.
R R e

anic material solution‘to pre
film deviats dopetwryanfotidtendicolarian] whichfisiusedite fabivicatediee @iy
e red?éﬁ@&’i,%ﬁi@é%ﬁﬁﬁ@i”g or ink-jet printing. [0029] Doping organic light
emitting materials with one or more inorganic salts not only improves the
light emission efficiency, but also lowers the turn-on voltage, which makes

[0032] tha usage @t kwer awenkifbnaliarometilaser slesiadesURPRCARSAMANG
implifies the manué%?turing grocess. WO 2006/005172

. Sl - : . \ .
morgans S5 ARSI BT GBS - PRIGS ] FHEARBEVRHE devies fifprevae thiderarigh
charge inj@thontofistiganitithin fikh gewidessis a general

[0033] Aswill be apparent to those skilled in the art, various modifications to the above described

embodiments may be made within the scope of the appended clairs.



approach, and can be applied to any light-emitting materials to improve
the light emission efficiency and lifetime. 5 [0031] A further advantage of
the above method to improve the charge injection of organic thin film
devices is an improvement in the efficiency and in the lifetime of the
various colored OLEDs, e.g. red, green, blue and white. 10 [0032]
Although the above description uses OLEDs as an illustrative example,
the method of inorganic salt doping can be widely applied to all organic

WHT filCdevicEtogmprove interfacial charge injections to further
enhance their operations. [0033] As will be apparent to those skilled in the
art, various modifications to the above described 15 embodiments may
be made within the scope of the appended claims. -10- WHAT IS

L cLatvisth g -of i Egiodinef erzanisabiodng dryivicatmmfikingdictsps of:
comprising the steps of. dissolving organic material in a first solvent, -
therd By YO ARG UL S i A ‘Eﬁs%%}(ﬁﬂ‘g%%’érﬂ@%iﬁ&aafg'é‘t:%ﬂﬂtw“;

solv here \[Idln a second solution;, blending the first solution
ot AR A2 DG L 6 AU RS KRB P A o

con ntratlo ofinorganic salt Ween 0. fol 0 P nd u

e FTERTOnS o %lﬁébgféﬁ.noergsgﬁ?g%aﬁ‘) R Ry

solfitroi bathe menmgtadtatiencs e grgdn mamtmmrd@\h@@s 1@, ww@@whoahdf
manufacturln&%ﬁ;anlc thin film devices as claimed in claim | wherein the

steprengisha viehsied et on e REdTaR HBPiERIR 68 tidens prapfileematy tiab thin

filnfi§Sh $RUHOR: BethREoMBEhQd A MapUiaGiHERgLRrganic thin film devices as
claimed in claim 1,

2. The method of manufacturing organic thin film devices as claimed in claim 1

wherein the step of dissolving organic material further includes the step of filtering the

first solution.

3. The method of manufacturing organic thin film devices as claimed in claim 1,
wherein the step of dissolving inorganic salt further includes the step of filtering the

second solution.

4. The method of manufacturing organic thin film devices as claimed in claim 1,
wherein the step of using the blended solution to prepare organic thin films comprises the

step of spin-casting the blended solution onto a substrate.

5. The method of manufacturing organic thin film devices as claimed in claim 1,
wherein the step of using the blended solution to prepare organic thin films comprises the
step of spraying the biended solution through a nozzle onto a substrate like in ink-jet

printing.

6. The method of manufacturing organic thin film devices as claimed in claim 3,

wherein the step



wherein the step of dissolving inorganic salt further includes the step of
filtering the second solution. 4. The method of manufacturing organic thin
film devices as claimed in claim 1, wherein the step of using the blended
solution to prepare organic thin films comprises the step of spin-casting

the blended solution onto a substrate, 5. The method of manufacturing
organic thin film devices as claimed in claim 1, wherein the step of using

the blended solution to prepare organic thin films comprises the step of

of §pairipglihesdlended! sti)hmiﬁmﬂ&roimgm@emhaletqmt@faiﬁuﬁ)sgram likerganic salt

secrieh RN, BT P thod A mARYIRCluriges A thin fim devices
|I

as claimed in c aim erein the step 1 ering the second

7. Soluiign further neldesibg sl Al AL YRg, tﬁﬁ'ﬂn@égi@& Salysecend clalm 1,

solution with one of the first solvent or the second solvent. 7. The method
whesei dheifaetarmig siganiomimsisroae vsdsHag e . ovirre M ivkersian, X

is aiheniRarganicsaltisfram thergreunsensisting of MnXm, where M is a
cation, X is an anion and n and m are each whole numbers. 8. The

8. metiTad ﬁfamaama@ﬁuﬁm@mga@i@@iﬂi&iImiﬁiewﬁeaea&ebaameﬁziﬂe@iam&im 7,
Wher n the ino |c salt is selected from the group.con t
O TP N NACT N A TR KBS A b rbed B, LiL
NaRWﬁCBENz(BsQNa(ESIBF K§l, I%FKIBR&IZRB@BerBEIRbMQEQ M4GCRsBr, Csl,
12 2 C rB rl
Befl %%Eagéa rﬁa%g% %CT @2@@35}{ rﬁcgrho]c\?gf n%r&fag o gﬁ%‘r‘n’g nglzca{ i
Sr@lmﬁeﬁm&éz@&fﬁnEiﬁ@iihﬁaﬁawé)ﬁa&lssoIV|ng organic materlal ina

solvent, thereby providing a solution;
9. A method of manufacturing organic thin film devices comprising the steps of:

dissolving organic material in a solvent, thereby providing a solution;

adding inorganic salt into the solution to make an inorganic salt-doped organic
material solution having a concentration of inorganic salt between 0.1 ppb to 10,000

ppm; and

using the inorganic salt-doped organic material solution to prepare organic thin

films in the manufacture of organic thin film devices.

10.  The method of manufacturing organic thin film devices as claimed in claim 9,
wherein the step of dissolving organic material further includes the step of filtering the

solution.

11. The method of manufacturing organic thin film devices as claimed in claim 9,
wherein the method further includes the step of filtering the inorganic salt-doped organic

material solution.



adding inorganic salt into the solution to make an inorganic salt-doped

organic material solution having a concentration of inorganic salt between

0.1 ppb to 10,000 ppm; and using the inorganic salt-doped organic

material solution to prepare organic thin films in the manufacture of

organic thin film devices. 10. The method of manufacturing organic thin

film devices as claimed in claim 9, wherein the step of dissolving organic

material further includes the step of filtering the solution. 11. The method
12.of miaruraetirthgiomjanieahinniror gavicdemdiblaidsstres etaiaioedviveesimm 9,

whihgMathad fuithRripchides e step o SMerpe: g INRIIANG SRIGSIPRE Hrepare

organic material solution. -12- 12. The method of manufacturing organic ™
orggRitg AfHY Jevse B ERSIBE HPBIQTTRIN-FATERSH IR g HE Ligiing aped organic

malBsganicisalelened erganic material solution to prepare organic thin
films comprises the step of spin-casting the inorganic salt-doped organic

13 matetialsollition OntmaratbatiaterghdicTiennithaib ot eaRUiRCHENG claim 9,
Whor a%c thin fI(|)¥’I dewcgs as claimed.in clalg1 9, wherein thfes%fu%()f usin

A noroaRRe CaltiEpas SIySA sl R SORIRR o ST P A i€ Rirpare
orghitrivs hompilisesctherstiep ahspraying thednorgahic saltgdopedatirgapid organic
mafOFELALSRIHER 1T9yan 2 nozzle onip 8 g{?tﬁ?ﬁ%&'{%% In.ipk Jet printing.

T4. The method of manufacturing organic thin ices as claimed in

14.claimp, uhereinsthe inerganic Sat is:from e, raun GONRISRg: 0f MNX My o,

where M is a cation, X is an anion and n and in are each whole numbers.

whansinTie ipRABRSHCORH EritRALIIRIBE BRgRRE S Al tieVibeshasedthiaaaron, X
is aglai®Pand n and m are each whole numbers.

15. The method of manufacturing organic thin film devices as claimed in claim 9,
wherein the inorganic salt is selected from the group consisting of LiF, LiCl, LiBr, Lil,
NaF, NaCl, NaBr, Nal, KF, KCI, KBr, KI, RbF, RbCl, RbBr, Rbl, CsF, CsCl, CsBr, Csl,
Bely, BeCly, BeBry, Bely, MgF», MgCly, MgBry, Mgl,, CaFa, CaCl,, CaBr,, Cal,, SrFs,
SrCla, SrBra, Srla, Bal,, BaCly, BaBr, and Bals.

16. The method of manufacturing organic thin film devices as claimed in claim 1,

wherein the first solvent is a pure solvent.

17. The method of manufacturing organic thin film devices as claimed in claim 1,

wherein the first solvent is a mixture of pure solvents.

18.  The method of manufacturing organic thin film devices as claimed in claim 1,

wherein the



wherein the inorganic salt is selected from the group consisting of LiF,
LiCl, LiBr, Lil, NaF, NaCl, NaBr, Nal, KF, KCI, KBr, Kl, RbF, RbCl, RbBr,
Rbl, CsF, CsCl, CsBr, Csl, BeF2, BeC12, BeBr2, Bel2, MgF2, MgClI2,
MgBr2, Mgl2, CaF2, CaCl2, CaBr2, Cale, SrF2, SrCI2, SrBr2, Sri2, BaF2,
BaC12, BaBr2 and Bal2. 16. The mgthod of manufacturing organic thin
film devices as claimed in claim 1, wherein the first solvent is a pure
solvent. 17. The method of manufacturing organic thin film devices as
secelsliTeeRin laimie spiYeréin the first solvent is a mixture of pure solvents.
18. The method of manufacturing organic, thin film devices as claimed in
19: clairhe, MgHrbif thgny e sEsntr seiVertins BIBuAs doiet clomehdn claim 1,
whénethad al-maniastiing Lraanicohndlpdavces as claimed in claim 1,
wherein the second solvent is a mixture of pure solvents. 20. The method
20. of midrufecturingf organiedhimnfimr gevicésagitlaideed¢n alatnihedviectinm 1,
the irtll?er anic salt i%aispure ingrganic sa!%. 21. The method of

wherein Organic 5a aﬂ;]aurc{,.fn anic salt. . . . .
manufacturing organic thin film devices as claimed in claim 1, wherein the

21.inorganic, salt s MR ALRYISINAIgaNIE $AIS 1dcdNg LR Of ajm 1.

~manufacturing organic thin filnT devices as claimed in claim 9, wherein t
whasipdhe isugsure soiveatnRuPHd petHoer sftisatlifacturing organic thin
, film devices as claimed in claim 9, wherein the solvent is a mixture of
22 purd BolMsHtST 24, i ASIHE S RRaHUIAR Y SrysRicahitamebiayigieim 9.
whasislaimgivimclainpSe vinasin the inorganic salt is a pure inorganic salt.
23.  The method of manufacturing organic thin film devices as claimed in claim 9,

wherein the solvent is a mixture of pure solvents.

24, The method of manufacturing organic thin fikm devices as claimed in claim 9,

wherein the inorganic salt is a pure inorganic salt.

25.  The method of manufacturing organic thin film devices as claimed in claim 9,

wherein the inorganic salt is a mixture of pure inorganic salts.



25. The method of manufacturing organic thin film devices as claimed in
claim 9, wherein the inorganic salt is a mixture of pure inorganic salts.
-14- 26. An organic thin film device comprising: at least a pair of
electrodes; and a thin film of inorganic salt-doped organic material as
manufactured in claim t being adjacent each of the electrodes. 27. An
organic thin film device comprising: at least a pair of electrodes; and a
thin film of inorganic salt-doped organic material as manufactured in claim
9 being adjacent each of the electrodes.

26.  An organic thin film device comprising:
at least a pair of electrodes; and

a thin film of imorganic salt-doped organic material as manufactured in claim 1

being adjacent each of the electrodes.
27.  An organic thin film device comprising:
at least a pair of electrodes; and

a thin film of inorganic salt-doped organic material as manufactured in claim 9

being adjacent each of the electrodes.



