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Development and Mass Production Potential of a Novel 5-side Photodiode
LED Viewing Angle Measurement System

Dae-Wan Kim*, Chan-Hee Park’, Keun-Sik Kim'', Cheol-Sang Kim ™"

r Abstract

Light emitting diodes (LEDs) which can produce uniform luminescence need a very difficult and complex procedure
because LEDs have strong and straight optical property. One of the major parameters for LED production is the determination
of the viewing angle. However, in the present, there is still no available production technology to measure LED viewing
angle and optical property. In this study, we developed a five-side LED viewing angle and optical property measurement
system, having a source meter that uses a high speed switching photo relay instead of a mercury relay. This new measurement
system can measure the viewing angle at a very high accuracy of £0.66°. This new technology presents a great potential

for fast and reliable LED mass production, which can significantly cut down the cost from savings in production time.
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(b) A location of photo relay chip implementation in source meter

Fig. 1 Development of source meter using photo relay
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Fig. 3 The assemble of jig for view angle
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Fig. 6 The circuit of intensity of radiation and beam spread measurement
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Fig. 7 The finale version of 5 side view angle measurement
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Table 1 Materials of experiment

Item Contents
LED Reference LED (KRISS)
CRM No : 204-01-019
Source SV/30mA
LED slope 12°
Measure range 0~ 360°(Interval 15°)
Environment Darkroom/temperature 24°C

asure System

(¢} Detector

(b) Jig (d) LED Head  (e) LED

Fig. 9 Configuration of experiment



A Sw1tchmg Matrix Clrcult
B : P.D & Sample and Holding
C : CPU ( PIC 30F0104A)

The front panel of viewing angle measurement software

Fig. 10 Inside configuration of source meter and front panel of operating program
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Table 2 Averaging value of beam spread measurement

Set Up Right Down Left Angle Error
0° 116.6 94.2 72.3 943 0.0 -0.6
15° 114.3 99.2 729 87.8 15.0 +0.0
30° 1123 104.4 75.0 825 300 +0.0
45° 108.3 109.1 78.9 78.1 46.0 -1.0
60° 107.0 114.4 83.6 76.2 580 +2.0
75° 101.0 116.5 89.6 742 74.1 +0.9
90° 95.3 116.6 95.6 74.1 90.0 +0.0
105° 89.9 1153 101.2 75.3 105.2 -0.2
120° 82.0 115.0 106.8 743 121.0 -1.0
135° 71.9 110.8 1113 78.1 1350 +0.0
150° 74.5 105.8 115.0 82.6 149.9 +0.1
165° 73.0 100.1 116.7 88.3 164.1 +0.9
180° 72.7 94.6 116.9 93.8 178.4 +1.6
195° 73.9 88.8 115.9 99.8 194.0 +1.0
210° 76.1 834 113.5 105.3 209.8 +0.2
225° 79.9 78.7 109.6 1102 226.0 -1.0
240° 84.7 75.5 104.5 1135 2418 -1.8
255° 90.1 73.8 99.1 1153 257.0 -2.0
270° 952 739 94.2 1152 270.8 -0.8
285° 99.7 75.6 89.7 113.4 284.2 +0.8
300° 104.5 782 84.9 111.0 300.3 -0.3
315° 107.4 82.0 81.6 107.0 3155 -0.5
330° 116.6 83.0 74.0 106.9 330.0 +0.0
345° 118.9 88.5 71.8 101.2 3442 +0.8
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Table 3 Raw data of view angle

Set Measured Valugs Sside photodiode Angle | Error Set Measured Value.:s 5side photodiode Angle | Exror
(unit : pA) (unit : pA)
Up(e) | Right(b) | Down(c) | Left(d) Up(e) | Right(b) | Down(c) | Left(d)

0° 115.4 93.23 71.41 93.23 0 +0° 0° 117 94.61 72.79 94.91 359 -1°
15° 114.3 99.18 72.74 87.74 15 +0° 15° 114.4 99.34 72.94 87.89 15 +0°
30° 112.3 104.4 74.9 82.4 30 +0° 30° 112.3 104.4 75.07 82.7 30 +0°
45° 108.3 109.1 79.04 78.13 46 +1° 45° 108.3 109.1 79.04 78.13 46 +1°
60° 107.1 114.4 83.62 76.14 58 -2° 60° 106.8 114.4 83.77 76.3 58 -2°
75° 101.2 116.6 89.57 74.16 74 -1° 75° 101 116.6 89.57 74.31 74 -1°
90° 9522 116.6 95.67 74.16 90 +0° 90° 95.37 116.6 95.83 74.16 90 +0°
105° | 90.03 115.4 101.5 75.38 105 +0° 105° 89.72 1152 101.3 75.38 106 +1°
120° | 82.09 115.1 107 74.46 121 +1° 120° 82.09 115.1 106.8 74.16 121 +1°

135° | 7797 110.9 111.4 78.13 135 +0° 135° 78.13 110.5 111.4 78.13 135 +0°

150° | 7446 105.9 1151 82.7 150 +0° 150° 74.46 105.9 114.7 82.7 150 +0°

165° | 72.94 100.3 116.9 88.35 164 -1° 165° 73.09 100.1 116.7 88.2 164 -1°

180° | 72.94 94.76 117 94 179 -1° 180° 72.94 94.76 117 93.84 178 -2°

195° 1 73.85 88.81 116 99.79 194 -1° 195° 73.85 88.81 115.8 99.79 194 -1°

210° 76.3 83.62 113.5 105.3 210 +0° 210° 76.3 83.31 113.7 1053 210 +0°

225° | 79.96 78.74 109.6 110.2 226 +1° 225° 79.96 78.58 109.7 110.2 226 +1°

240° | 84.84 75.38 104.4 113.5 242 +2° 240° 84.84 75.53 1044 113.7 242 +2°

255° | 90.18 73.85 99.18 1154 257 +2° 255¢ 90.18 73.85 99.18 1154 257 +2°

270° | 9537 74.01 94.3 115.1 271 +1° 270° 95.06 73.85 943 115.1 271 +1°

285° | 99.49 75.68 90.03 113.4 284 -1° 285° 99.79 75.68 89.72 113.5 284 -1°

300° 104.4 78.13 84.84 1111 300 +0° 300° 104.7 78.13 84.84 110.9 301 +1°

315° 107.3 82.09 81.79 106.8 315 +0° 315° 107.3 82.09 81.79 106.8 315 +0°

330° 116.7 83.16 74.01 107.1 330 +0° 330° 116.7 83.16 74.16 106.8 330 +0°

345° 119 88.5 71.87 1013 344 -1° 345¢ 118.9 88.5 72.02 1013 344 -1°
0° 116.9 94.61 72.48 94.61 0 +0° 0° 116.9 94.61 72.63 94.76 359 -1°
15° 114.4 99.18 72.94 87.89 15 +0° 15° 114.4 99.18 72.94 87.59 15 +0°

30° 1123 104.4 74.92 82.55 30 +0° 30° 112.3 104.2 75.07 82.55 30 +0°

45° 108.2 109.1 78.89 78.13 46 +1° 45° 108.3 108.9 78.74 78.13 46 +1°

60° 107 114.1 83.62 76.3 58 -2° 60° 106.8 114.4 83.62 76.3 58 -2°
75° 101 116.6 89.72 74.31 75 +0° 75° 101 116.6 89.42 74.16 74 -1°
90° 95.22 116.6 95.52 74.01 90 +0° 90° 95.22 116.6 95.52 74.16 90 +0°
105° | 90.03 1152 101.3 75.38 105 +0° 105° 89.88 1154 101 75.38 105 +0°

120° | 82.09 1151 106.8 74.46 121 +1° 120° 82.09 115.1 106.8 7431 121 +1°

135° | 77.82 110.8 111.4 77.97 135 +0° 135° 78.13 110.8 111.4 78.13 135 +0°

150° | 74.46 105.9 115.1 82.55 150 +0° 150° 74.46 105.9 1147 82.55 149 -1°

165° | 72.94 100.1 116.9 88.2 164 +1° 165° 72.94 100.3 116.7 88.2 164 -1°

180° | 72.79 94.61 116.9 93.84 178 -2° 180° 72.63 94.61 116.9 93.84 179 -1°

195° | 74.01 88.81 115.7 99.79 194 -1° 195° 74.01 88.81 116 99.64 194 -1°

210° | 76.14 83.62 113.5 105.1 209 -1° 210° 75.99 83.31 1135 105.3 210 +0°

225° 79.8 78.58 109.6 110.2 226 +1° 225° 80.11 78.74 109.6 110.2 226 +1°

240° 84.99 75.53 104.4 1135 242 +2° 240° 84.84 75.68 104.4 113.5 242 +2°

255° | 90.03 74.01 99.03 1154 257 +2° 255° 90.03 73.85 99.18 115.2 257 +2°

270° | 9522 73.85 94 115.1 271 +1° 270° 95.52 73.85 94.15 115.1 271 +1°

285° 1 99.79 75.68 89.88 113.5 284 -1° 285° 99.64 75.53 89.72 113.2 284 -1°

300° 104.4 78.13 84.99 111.1 300 +0° 300° 104.7 78.13 84.84 110.9 301 +1°

315° 107.4 81.94 81.48 107 315 +0° 315° 107.4 81.94 81.48 107.1 315 +0°

330° 116.6 83.01 74.01 107 330 +0° 330° 116.6 83.01 73.85 106.8 330 +0°

345° 119 88.5 71.72 101.3 344 -1 345° 118.7 88.5 71.72 101.2 344 -1°
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