














situations observed in the laboratory. For example, with a
negative voltage applied to pixel A1, pixel D4 shines brightly.

§. Discussion

While the absolute magnitude of stray light generated per
pixel in most of the cases considered does not appear
alarming, the eye is a sensitive detector. At sufficient bright-
ness the data in Figs. 7 and 8 show that unintentionally
addressed pixels can emit stray light at easily visible inten-
sities above 1% of the desired pixel’s intensity. Also, the total
stray light emitted by the array is another factor of (N—1)
to (N — 1) greater. The stray light can represent a significant
power drain on a display.

Following the reasoning of Section 3 provides rough esti-
mates of the power dissipation. Beginning with Eq. (8), we
obtain the total power dissipation P as a function of rectifi-
cation ratio and display resolution for the case with the
selected pixel Al forward biased:

Table 1
Power dissipation in watts as a function of rectification ratio

Rectification ratio Selected pixel @ +10V  Selected pixel @ — 10V

10 19.39 .39 10°
10° 18.35 225%x 107!
10° 17.93 2.63%X107?
10* 17.82 2.89x107°
10° 17.80 2.96 X104
10° 17.80 297X107°
Table 2

Power dissipation in watts for selected pixel Al forward biased to + 10V
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Similarly, with the selected pixel Al reverse biased:

=LV A+ (15)
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The data in Table 1, obtained from the simulation results
of Section 4 on a 10X 10 pixel array with a total pixel area
of 100 cm?, bear out the predictions of Eqs. (15) and (16).
With the selected pixel forward biased, the rectification ratio
does moderately change the power dissipation. With the
selected pixel reverse biased, the rectification ratio effects
quiescent power dissipation with the power dissipation
almost proportional to the reciprocal of the rectification ratio.

We use the simulation results with rectification ratio r = 10*
to determine the power dissipation as a function of short-
circuit placement and resistance. Tables 2 and 3 contain the
power dissipation for the selected pixel forward biased and
reverse biased for the cases considered in Figs. 6-8. The
power dissipation of the display with the selected pixel for-
ward biased does not depend significantly on the short-circuit
resistance, except for the most extreme case of two
low-resistance shorts in series. Table 3 shows that the reverse-
bias selection depends more strongly on short-circuit resis-
tance and placement. With two blocking diodes in the
majority of the parallel conduction paths, the total power

Short-circuit resistance Short in selected row

Short in blocking pixel

Shorts in selected row + another Shorts in selected row + column

10 2 17.82 18.71 20.00 17.83

100 2 17.82 18.10 18.13 17.83
1 kQ 17.82 17.86 17.85 17.83

10kQ 17.82 17.83 17.82 17.82
100 kQ) 17.82 17.82 17.82 17.82
* 17.82 17.82 17.82 17.82
See Figure 6 7 8 8
Pixel Bl B2 Bl & B2 Bl & A2
Table 3

Power dissipation in milliwatts for selected pixel Al reverse biased to — 10 V

Short-circuit resistance Short in selected row Short in blocking pixel Shorts in selected row + another Shorts in selected row + column
10 ) 9.36 2.90 10.3 2190
100 €2 9.14 2.90 10.0 320
1 kQ) 7.66 2.90 8.23 39.8
10 kO 4.50 2.90 4.63 6.86
100 kQ 3.08 2.89 3.08 3.25
o 2.89 2.89 2.89 2.89
See Figure 6 7 8 8
Pixel B! B2 Bl & B2 Bi & A2




dissipation is much lower than in the situation under forward
bias in which at most one blocking diode sits in series to
reduce leakage current.

The desire to facilitate testing provides another motivation
to model floating electrode matrices. Because of the large
number of electrical connections involved for even a mod-
erate resolution display, one would like to find an experi-
mental technique to characterize N X M pixel displays without
having to form N+ M electrical connections. In a square
matrix, it might be possible to test the display for faults with
fewer than N measurements. After the testing process deter-
mines that each pixel functions properly, image uniformity
becomes the primary concern. Because of the crosstalk issues
outlined above for a display having floating electrodes, con-
trolling the image on a display usually entails controlling the
potential at all electrodes. While beyond the scope of this
article, a similar analysis of image uniformity is in progress
for images formed using a line-scan technique in which driv-
ers select one row of pixels at a time.

6. Conclusions

Much interest in polymer and organic light-emitting diodes
(LEDs) derives from their potential to deliver the next
generation of flat passive matrix displays. The devices are
relatively easy to make, because they consist of an
electroluminescent layer sandwiched between an anode, usu-
ally transparent, and a cathode. A passive matrix display
results by patterning the anode into columns and the cathode
into rows to form an array of pixels from the intersections
between the cathode and anode electrodes. Applying a posi-
tive bias to one anode and a negative bias to one cathode
causes light emission from the pixel shared by the two elec-
trodes. In many cases, light also emerges from other pixels
in the matrix. The crosstalk has several origins. Viewing the
large numbers of pixels in a matrix as potential parallel con-
duction paths hints at how crosstalk can arise. This work has
analyzed how crosstalk depends on display resolution, the
degree of rectification of the individual LEDs, and, most

significantly, on the reverse leakage current of the pixels. One
faulty pixel can cause crosstalk, and crosstalk can be quite
severe with as few as two faulty pixels. The reverse-bias
characteristics of the LED hold one key to suppressing cross-
talk, so low current flow in reverse bias is essential.

Acknowledgements

The modeling work was performed at Philips Research
Laboratories in Eindhoven, The Netherlands, where Dr Coen
Liedenbaum provided the device data shown in Fig. 1. The
Cal Poly College of Engineering Investment in Faculty Pro-
gram supported the preparation of this manuscript.

References

{1] C.W.Tangand S.A. VanSlyke, Appl. Phys. Lett., 51 (1987) 913-915.

[2] J.H. Burroughes, D.D.C. Bradley, A.R. Brown, RN, Marks, K.
Mackay, R.H. Friend, P.L. Burns and A.B. Holmes, Nature, 347
(1990) 539-541.

[3] D. Braun and A.J. Heeger, Appl. Phys. Lett., 58 (1991) 1982-1984.

[4] G. Gustafsson, Y. Cao, G.M. Treacy, F. Klavetter, N. Colaneri and
A.J. Heeger, Nature, 357 (1992) 477-479.

[51Y. Yang, MRS Bull,, 22 (1997) 31-38.

[6] P. May, Society for Information Display '96 Digest, San Diego, CA,
1996, pp. 192-195.

[71 R.F. Service, Science, 273 (1996) 878~880.

8] J.R. Sheats, H. Antoniadis, M. Hueschen, W. Leonard, J. Miller, R.
Moon, D. Roitman and A. Stocking, Science, 273 (1996) 884-888.

[9] A. Shen, P.E. Burrows and M.E. Thompson, Science, 276 (1997)
2009.

[10] Proc. 1996 Int. Conf. Sci. Technol. Synthetic Metals, Synth. Met., 85
(1997) 1173-1444.

[ 11] D. Braun, E.G.J. Staring, R.C.J.E. Demandt, G.L..J. Rikken, Y.AR.R.
Kessener, A.H.J. Venhuizen and M. Bouwmans, Synth. Met., 66
(1994) 75-79.

[12] G. Yu, K. Pakbaz and A.J. Heeger, J. Electron. Mater., 23 (1994) 925.

[13] PW.M. Blom, M.JM. de Jong, C.T.H.F. Liedenbaum and J.J.M.
Vleggaar, Synth. Met., 85 (1997) 1287-1288.

[14] W.N. Jacobus and S.-M. Ku, US Patent No. 3 846 193 (1974).

{15] D. Braun, D. Moses, C. Zhang and A.J. Heeger. Appl. Phys. Lett., 61
(1992) 3092-3094.





