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ABSTRACT When ultraviolet light-emitting diodes (UV-LEDs) are used for surface disinfection, the UV dose in
some areas may exceed the required level but be insufficient in other areas. The most ideal radiation field is that with
the same irradiance level at each point. In this study, a universal formula for determining the radiation field was
derived, and a corresponding VBA program was coded for the mathematical simulation, analysis, and optimization
of the radiation field. The radiation fields of nine UV-LED radiation patterns were simulated and analyzed. The
results indicate that for a board with multiple UV-LEDs, the ratio of the radiation distance to the UV-LED spacing
and the radiation patterns of the UV-LEDs are the key factors that influence the uniformity of the radiation field.
Because of edge effects, a uniform radiation field can be reached only within 80% of the edge length projected
directly below the UV-LED board. When the ratio of the radiation distance to the UV-LED spacing is within the
range of 3 to 15, the uniformity is good (the ratio of the minimum to maximum values > 81.8%). The radiation

pattern with a smaller maximum emission angle is good for a relatively higher ratio of the irradiation distance to UV-

LED spacing, and vice versa.

KEYWORDS Radiation pattern, UV-LED, Non-uniformity, Radiation field, Surface disinfection
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Fig.2 Various UV-LED radiation patterns
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Table 2  Fitted curve of radiation pattern '"Pattern 1"

£(0)=ab®+ bo° + c0* + d> + e0* + f0 + g

Ja Range 0°<60<40.06° 40.06°<6<51.75° 51.75°<6<52.66°  52.66°<0<56.99° 56.99°<0<90°
a 32.303 -668 654.675 0 -90 816 590.457 0

b -69.709 3172 487.047 0 516 816 194.286 0

c 57.338 -6261 161.312 0 -1225105 982.846 0

d -22.500 6579 306.217 0 1548 418 305.657 0

e 3.784 -3 882 407.411 -43.069 -1 100 536 209.871 0

f -0.301 1219 820.833 77.581 417 059 957.195 0

g 0.995 -159 424.721 -33.264 -65 835 673.898 0
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