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A novel solution for solving the blue light hazard problem in phosphor-converted white light emitting diodes

Introduction

Phosphor-converted white LEDs (pcW-LEDs), based on a blue die with yellow phosphor [START_REF] Shih | Study of temperature distributions in pc-WLEDs with different phosphor packages[END_REF], well-known with advantages including high efficiency, a wide color range, fast response, long life, and potential environmental benefits. One of the problems associated with phosphor-converted white LEDs (pcW-LEDs) for long-time stability is the thermal effect of degradation on the external quantum efficiency of LED dies and the phosphor, where the thermal effect plays a crucial role. The thermal effect causes more heat flow on the phosphor and, consequently, the thermal quenching of the phosphor particles induces a marked drop in external quantum efficiency. When the yellow light emitted by the phosphor decreases, the balance between the blue light and yellow light at a fixed correlated color temperature (CCT) in a pcW-LED is lost. Accordingly, the thermal effect can ultimately induce blue light leakage, which can cause the pcW-LED to emit white light at an unexpectedly high CCT in the defined operation lifetime; moreover, the thermal effect could be worsened if the affected pcW-LED is still deemed workable and used by a user. In this paper, we propose a novel solution for preventing the blue light leakage hazard induced by the thermal effect at the final stage, when the blue-yellow balance is lost. A so-called optical fuse is implemented by introducing a special thermal chromatic chemical to disable the pcW-LED when blue light leakage can occur.

Principle of solution

Principle of solution based on the big difference of temperature distribution in the packaging volume of pcW-LEDs that corresponds to different operation stage as shown in Fig. 1. A thermal chromatic chemical (CNCII) is selected to implants in the packaging volume of pcW-LEDs so that as it is darkened by overheat in pcW-LEDs that corresponds to occurring of the blue light leakage. Once it's color is turned to darkening, a significant amount of the Blue light is absorbed and thus, the blue light leakage hazard successfully is prevented. 

Results and discussion

In considering the temperature effect, the CNCII is placed at an appropriate location in the packaging volume. Fig. 2 shows the packaging volume of pcW-LEDs in which the CNCII is placed above the conformal phosphor layer. The performance of preventing blue light hazard is evaluated through the related optical characteristics that were studied through an aging process with over drive. As shown in Fig. 2, the relative intensity and CCT were monitored, as indicated in the top views of the LED with or without the CNCII hemisphere at different stages in the aging process. In the second half of the steady-state period, the CCT of the pcW-LED without CNCII increased slowly, but the CCT with CNCII remained stable and even decreased because of the initial action of the thermal chromatic effect on CNCII. When the breakdown process started and went through L70, the CNCII darkened, and more blue light was absorbed so that the maximum CCT stopped at 6452K. By contrast, in the sample without CNCII, the CCT dramatically increased to as high as 14000K after passing the period by L70. The introduction of the CNCII was proven to block blue leakage and to darken the pcW-LED effectively in the period passing through L70. The trade-off is the degradation of the brightness of the pcW-LED under normal conditions. 

Conclusion

In summary, we propose a novel solution for preventing the blue light leakage hazard induced by the thermal effect at the final stage, when the blue-yellow balance is lost. A so-called optical fuse is implemented by introducing a special thermal chromatic chemical to disable the pcW-LED when blue light leakage can occur. The experimental results indicated the passive optical fuse successfully prevents the blue light leakage hazard. The proposed novel approach with the passive optical fuse provides people with a safer lighting environment through the use of pcW-LEDs.
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 1 Fig. 1 (a) Geometry of a conformally coated pcW-LED shown in half. The blue, yellow, and grey regions indicate the LED chip, phosphor, and silicone lens, respectively. Case (b) can be considered a normal operation condition. Cases (c) and (d) represent the pcW-LED at the early and late stages of failure.

Fig. 2 .

 2 Fig. 2. (a) Schematic of the packaging structure embedded with CNCII above the phosphor layer. (b) An example of an aging process involves showing the emitting flux and CCT, of a pcW-LED with or without introducing CNCII in the LED package. The red (black) line corresponds to with (without) the CNCII. In the aging experiment, the over-drive current caused less emission flux in the steady state than during normal operation. (c) Corresponding spectra with or without the CNCII at selected four stages, as indicated by the triangles in (b). (d) Top views of the pcW-LEDs with CNCII above the phosphor layer.