United States Patent [
Epstein et al.

US006004681A

6,004,681
Dec. 21, 1999

(111 Patent Number:
[45] Date of Patent:

[54] LIGHT-EMITTING DEVICES CONTAINING
NETWORK ELECTRODE POLYMERS IN
ELECTRON BLOCKING LAYER

[75] Inventors: Arthur J. Epstein, Bexley; Yunzhang
Wang, Columbus, both of Ohio

[73] Assignee: The Ohio State University Research
Foundation, Columbus, Ohio

[21] Appl. No.: 08/902,145
[22] Filed:  Jul 29, 1997

Related U.S. Application Data
[60] Provisional application No. 60/023,071, Aug. 2, 1996.

[51] Int. CL® ... B32B 15/04
[52] US. Cl oo 428/457; 428/690; 428/917;
313/504; 313/506; 257/13; 257/94
[58] Field of Search .........ccccoiivirinnenne 428/457, 690,
428/917; 313/504, 506; 257/13, 94

[56] References Cited

U.S. PATENT DOCUMENTS

5,247,190  9/1993 Friend et al. .....cceeereruvrereeennne 257/40
5,486,406 1/1996 Shi .......... ... 428/209
5,652,067 7/1997 Ito et al. ... .. 428/917
5,719,467  2/1998 Antoniadis et al. ......cceceeueenee 428/690

OTHER PUBLICATIONS

Blachford et al., Time Resolved Vibtational Spectroscopy,
64, 120135 (1995).

Blatchford et al., Physical Review Letters, 76, 1513-1516
(Feb. 1996).

Blatchford, et al., Flectronic Structure of Pyridine—Based
Polymers, 1-47.

Blatchford, et al., Am. J. Phys., 64, 120-135 (Feb. 1996).
Blatchford, et al., Mat. Res. Soc., Symp. Proc., 413, 671-676
(1996).

Blatchford, Ph.D thesis, The Ohio State University (1996).
Bradley, Synth. Met., 54, 401 (1993).

Braun and A. J. Heeger, Appl. Phys. Lett. 58, 1982 (1991).
Burroughes et al., Nature 347, 539 (1990).

Epstein et al., Polymer Reprints, 37, 133-134 (1996).
Epstein, et al., Macromolecular Symposia, 1-12.

Epstein, et al., Synthetic Metals, 78, 253-261 (1996).
Gebler et al., J. Appl. Phys. 78, 4264 (1995).

Greenham et al., Nature 365, 628 (1993).

Jensen, et al., Absorption and Luminescence of Pyridine—
Based Polymers, 1-6.

Jessen et al., Direct and Photoinduced Adsorption in Poly(p—
pyridyl vinylene): Morphological Control of Triplet Exec-
tions and Polarons, 0-14, (1995).

Jessen et al., Poly. Mat. Sci & Eng., 72, 573-574 (1995).
Jessen et al., Proc. Soc. of Plastics Engineers Annual Tech-
nical Conf. 1433-1436 (1996).

MacDiarmid et al., Proc. Summer Topical Meetings (Aug.
1995).

MacDiarmid, et al.,, IS&T’s 49th Annual Conference,
381-384 (1996).

MacDiarmid, et al., Mat. Res. Soc. Symp. Proc., 413, 3-12
(1996).

MacDiarmid, et al., Novel Light Emitting Diodes involving
Hertocyclic Aromatic Conjugated Polymers, Proceedings of
Society of Photo—Optic Instrumentation and Engineering,
11 pages (1995).

MacDiarmid, et al., Proc. Soc. of Plastics Engineers Annual
Tech. Conf., 1314-1317 (1996).

MacDiarmid, et al., Proceedings Multifunctional Polymers
Workshops, 4 (1996).

MacDiarmid, Proc. Soc. of Plastics Eng. Ann. Tech. Conf.,
1314-1317 (1996).

Marsella et al., Adv: Mater, 7, 145 (1995).
Miyamae et al., J. Chem. Phys., 103, 2738 (1995).
Quillard et al., Nonlinear Optics, 10, 253-262 (1995).

Scherf and Miillen, , Makromol. Chem., Rapid Commun., 12,
498-497 (1991).

Scherf and Miillen, Advarnces in Polymer Science, 123, 1-40
(1995).

Scherf and Miillen, Synthesis, pp. 23-38 (Jan./Feb. 1992).
Wang et al., , Appl. Phys. Lett., 68, 894-896 (Feb. 1996).
Wang et al., Appl. Phys. Lett. 68, 894 (1996).

Wang et al., Int. Soc. for Opt. Eng., 2528, 54—-61 (1995).

Wang et al., Light-emitting Devices based on Pyridine—
Containing Conjugated Polymers, 14 (1996).

Wang et al., Mat. Res. Soc. Symp. Proc., 413, 115-120
(1996)..

Wang et al., Poly. Preprints, 36(2), 4546 (1995).
Wang et al., Synthetic Metals,78, 33-37 (1996).

Wang et al.,Proc. Soc. of Plastics Eng. Ann. Tech. Conf., 5
pgs. (1996).

Wei et al., J. of the Am. Chem. Soc., 118,2545-2555 (1996).
Yang et al., J. Appl. Phys. 77, 694 (1995).
Yamamoto et al., Chem. Lett., 153 (1988).

Primary Examiner—John M. Cooney, Jr.
Arttorney, Agent, or Firm—Standley & Gilcrest LLP

[57] ABSTRACT

In general terms, the present invention includes a light
emitting polymeric material, the polymeric material com-
prising: (a) an electron transporting polymer; the electron
transporting polymer in contact with (b) an electron block-
ing polymer, the electron blocking polymer incorporating a
network electrode polymer. Such devices may be bilayer or
multilayer devices, in accordance with arrangements known
in the art. Likewise, the source of electrical current may be
from any appropriate source having the electrical character-
istics sufficient to and appropriate for the desired device
make-up and application.

8 Claims, 6 Drawing Sheets
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