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Compact type of llluminance meter

Calibration System Using Integrating Sphere

INTRODUCTION

Conventional illuminometer calibration system usually consists of a 1 kW tungsten halogen bulb capable of producing an illuminance of about 5 000 Ix
at a distance of 500 mm and an optical bench of 6 m or longer, and the distance between the bulb and an illuminance reference sensor is adjusted
depending on the illuminance level, which is in the range of 50 Ix to 5 000 Ix. Calibration of the illuminometer requires a large-scale system using an
optical table of 6 m or longer, but the variable illuminance range is limited to 50 Ix to 5 000 Ix, whereas other illuminance range than 50 Ix to 5 000 Ix is
also required for the calibration.

METHODS & RESULTS

In order to cover the 0.5 Ix to 20 000 Ix range, it is necessary to replace the 1 kW In order to solve above problem, a compact reference light source for illuminometer
bulb with other light bulbs of e.g. 10 W or 2 kW rating. calibration has been developed using a 400 W bulb and an integrating sphere, and
Since the previously lit bulb is very hot, the bulb must be cooled down slowly before an 1200 mm automatic stage has also been installed to miniaturize the calibration
replacing it with other bulb, then the other bulb must be turned on slowly and it takes system and to minimize the movement of the person performing the calibration. In
at least 15 minutes for stabilization. From the point of view of a dedicated calibration order to reduce the uncertainty due to the reference plane mismatch, a

laboratory, it is inevitable to spend a large amount of money to install and maintain measurement plane Is placed at a distance of 800 mm from the end of the lens of
such a large system, and it is also inefficient in system operation’s respect. the integrating sphere.
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Test result at a distance of 500 mm, a 1 mm difference between the reference and the target device causes a 0.5%
difference in illuminance.

It is necessary to replace the 10 W, 1k W, 2k W three types of bulb.

Ref. sensor 6 msystem ISsystem Ratio Ref. sensor 6 msystem ISsystem Ratio Ref. sensor 6 msystem ISsystem Ratio
1500 1339 1346  100.5% 1500 1494 1503 100.6% 1500 1504 1510 100.4%
1000 894.9 897.7 100.3% 1000 997.0 1002  100.5% 1000 1005 1008 100.4%
500.0 449.5 448.4 99.8% 500 501.1 501.0 100.0% 500.0 504.5 503.9 99.9%
300.0 269.0 268.4 99.8% 300 299.8 300.6 100.3% 300.0 303.2 302.4 99.7%
A light source having a uniformity of £0.1 % at a diameter of 60 mm Is used, whose 100.0 89.09 8856  99.4% 100 100.6 9986  99.3% 100.0 1015 100.6  99.1%
50.00 44.03 43.61 99.1% 50 50.00 50.14 100.3% 50.00 50.63 50.30 99.3%

color temperature is maintained within £30 K in the range of 0.5 Ix to 2 000 Ix.
Wlth the tOtaI i”uminance range Of Ol IX tO 2 OOO IX- The i”uminance range iS Ref. sensor 6 msystem ISsystem Ratio Ref. sensor 6 msystem ISsystem Ratio Ref. sensor 6 msystem ISsystem Ratio
obtained by varying the distance from 800 mm to 2 000 mm including 800 mm of 1500 1503 1516  100.9% 1500 1385 1398  100.9% 1500 1497 1508  100.7%

. . . . 1000 1005 1011 100.6% 1000 926.0 934.1 100.9% 1000 1001 1005 100.4%
reference plane mismatch distance, using the automatic stage, from the bulb to the

500.0 504.7 504.9 100.0% 500 465.0 466.8 100.4% 500.0 503.0 502.5 99.9%
Integrating sphere, of which position is fixed relative to the measurement plane. 300.0 3030 3026  99.9% 300 2790 2794  100.1% 300.0 3014 3010  99.9%
100.0 101.5 100.9 99.4% 100 93.80 93.40 99.6% 100.0 101.0 100.4 99.4%
50.00 50.30 50.31 100.0% 50 46.70 46.68 100.0% 50.00 50.20 50.04 99.7%

2 4 8 ] 10 12 14 18 18 20 2 24 26 2 20 a2 £ £ £ 40 42 44 48 48 50 52 54 58 58 80 82 84 5] 82 70 72 4 78 8 80 82 . . .
2 081% 060% -D58% 054% D54% 052% 051% -049% -050% -D.49% 0.48% D.41% 040% 0.40% -0.39% -038% -D.38% 0.38% 039% 030% 030% 03T% 037% D3T% 0.37% 0.38% 038% 0.28% -0.39% 0.40% D.41% D41% 042% 0.43% 044% -D.45% D47% DE0% 0.55% 062% D.75% D ata CO m p ar I S O n b etwe e n th e eX I Stl n g 6 m SySte m an d th e n ery d eve I O p e d Syste m
4 053% -0.56% 054% 052% 05% D50% 048% 0.40% -045% D.44% 043% D42% 041% D.40% 040% 035% -0.38% Da8% 037% 0.38% 0.36% 038% 038% 035% -0.35% 0.35% 0a35% -0.35% 0a5% 038% 03T% 038% -0.38% 0.40% D41% D42% D.44% D48% D48% D53 -0.62%
6 055% 054% DA% 050% D.4B% D.4T% 048% 045% 043% 042% 0.41% D40% 0D38% 0.37% 038% 035% 038% 0.34% 034% 033% 033% 032% 032% 032% 032% 032% 033% 033% 034% D34% D34% D35% 035% 037% 038% 039% D.40% D42% D4d% D4T% 053%
B 05X -DE3% 0E0% 0.4B% 0.47% 048% 0.43% 042% D.41% D40% 038% 037% -D.38% 034% 033% 032% 0% 0M% LM% 030% D30% 030% 028% 029% 0.29% 029% 029% 0.30% D.30% 030% 030% 032% 0.32% 033% 034% 0D38% DAT% L38% D41% D43% D.47%
10 0.51% -0.49% 048% 0.45% 044% 042% D41% 037% -0.36% 034% 028% 035% 032% 032% 0D3% 0% 020% 020% 027% 027% 0.28% 027% 0.25% 027% 0.25% -0.26% 0.25% 0.27% 0.26% 0.28% 027% 0.29% -0.30% 0.30% -032% 033% 0.33% 037% 0.36% D40% D.42%
12 0.49% D.47% 0.44% 0.44% 043% D.41% -D.36% 036% 035% 033% 032% 033% 032% D30% 0.28% D28% 028% 0.28% 027% 0.27% -0.25% 0.25% 0.24% 022% 0.25% -0.23% 0.25% -0.25% 0.26% 0.26% 0.28% 0.27% 0.28% 0.28% -0.29% 0.30% 0.31% 0.324% 0.35% D.38% 0.40%

ol Integral Structure llluminance Correction Equipment Program. = m] X
14 045% 045% 040% 0.38% 039% 0.37% 037% 0.233% 032% 032% 030% 020% 0.29% 028% 025% 024% 0.23% 026% 026% 022% 022% 0.23% 022% 021% 023% 02% 0.22% 023% 021% 022% 024% 024% 026% 024% 026% 0.28% 026% 030% D21% 0.34% 028% ; .
4 82 Eile Option
18 043% 042% 040% 0.28% 026% 0.25% 024% 032% 0% 030% 029% 027% 0.27% 026% 025% 024% 023% 023% 022% 0.21% 021% 0.21% 0209 ‘ 30
18 041% 039% D37% 036% 035% 033% 0% 0% D2 D% D% 025% 024% 024% D2 D2 D% D% D20% 019% D19% D18% D18 78 Measurement View Lamp
Mm J J A RN, J J ne N7 na NIRW N78M N7RWE 07 N7 na J N7 J N7 J J KL
20 040% 038% 037% 036% 034% 020% 0.0% 029% 028% 027% 028% 028% 026% 0.23% 022% 0.23% 019% 0.20% 019% 020% 0.18% 18% 0.183 76 Power Supply(N8741A) Schedule e BN oxtE2l%): | 010 - ma Standard S/N
22 037T% 026% 035% 2% 0.30% 020% 0.28% 026% 0.23% 025% 026% 021% 018% 0.20% 021% 018% 019% 0.18% 016% D15% 016% D14% 014 74 = Open Clear < ° SRS : - =
24 037T% 034% 034% 20% 028% 027% 027% 026% 02é% 022% 023% 020% 020% 008% 047% D7% 016% DA7% D15% D14% 0.14% D14% 013 72 Address: 5 B Add Remove A v Graph Stage Ol He: 300 & HZ2 12094 b Sta rt Save R@SUlt
26 034% 023% 3% 020% 029% 025% 021% 025% 024% 021% 021% 008% 0A7% DA7% 047% D06% 016% D15% 014% D14% 0.11% DN% 013 70 Naw CiiFratit N v
. . . . . . . . . 2| EHM EEZE =
28 033 028% 0.28% 0.28% 025% 025% 0.24% 024% 0.18% 019% 0.18% 0.09% 018% D06% 014% D14% 014% 014% 014% D13% 012% Q0% 008 68 - =5 ) ' (11)0 “oolseel | @XH%) 2% Shunt Ref. Sensor | REF. Z£ 3t | DUT =37+ &
0 033% 030% 027% 0.29% 025% 0.23% 023% 022% 020% 020% 020% 047% 0.15% 046% 0.16% 0.44% 012% D44% 040% O.01% 001% 0.10% 0.089 66 Input Current(A): 0.000 e 4.36E-06 =
2 0% 029% 028% 027% 026% 022% 020% 021% 020% 047% 045% 0.16% 0.15% D44% 013% D44% 014% D43 042% 0.10% D41% 0.09% 007 64 CEAZHE) ] 1 ST ¥ 1500 3 0.1 10.92 : 1500.74 | | I m I n a n Ce Va | e
i)
U O027% D28% DI5% D24% D20% 049% D2% D48% DA% DA% DAS% 048% D45% 043% D42 DA% DA% D% D10% D08% 008% 008% D05 62 = 2 HES 1000 3 0.1 15.92 -2.91E-06 1000.34 u u
3| 028% 0.26% 021% 021% 021% 018% 019% 016% D15% 016% 013% 1% D01% 042% 001% 009% 0.11% D08% 008% 0.07% 008% 0.08% 0069 E: 3 g3 500 3 0.1 21.11 -1.45E-06 499.90
3B 027% 0.26% 023% 0.23% 020% 0.20% D18% 047% DA7% 014% 015% 015% 0.13% 042% 012% 010% 0.10% 010% 008% 0.07% 007% 0.08% 007
o o S o == 56 4 HEZ 300 3 0.1 24.75 -8.72E-07 300.21
4 026% 02% 022% 02% 020% 018% D16% 017% D14% 015% 012% 01% 012% 040% 011% 010% 0.08% D07T% 004% D.08% 005% 0.04% 005 TR
v ME " -2.9E-
2 026% 020% 024% 023% 021% 018% AT 0A7% D14% 015% 013% 014% 013% 040% O01% D11% 008% D07% 008% D07% 007% 007% 0069 e Stop Lamp Off  Start Lamp On > e HET 100 3 0.1 33.88 100.07 1 8 7 6 04
4 025% 022% 0.23% 0.18% 0.19% 0.18% 015% 0.14% 014% 015% D12% 012% 013% 012% 008% D05% 0.05% 004% -D07% -0.08% -0D04% -0.03% 002 >2 6 HEL v 50 3 0.1 42.00 -1.45E-07 50.04 - .
. a ; . ; 50 3
B 0.24% 0.2%% 0.21% D.20% 0.19% 018% D.18% D45% D.14% D13% D13% 012% O011% 010% 010% D09% 08% 08% D07% 007% 006% 005% .08 18 Power Supply(N5746A) 7 M3 10 3 0.1 70.38 -2.9E-08 10.00
4 024% 2% 021% 0.20% 018% 047% 046% 015% D14% 013% 012% O1% 0.10% 040% 0.09% 008% 007% D07% 008% 0.08% 05% 0.04% 0049 — =
46 Address: 5 k& 8 HEL v 1 3 0.1 165.38 -2.91E-09 1.00
B0 026% 0.24% 023% 0.23% 020% 0.18% D18% 047% D15% 015% 014% 012% 012% 01% 001% 010% 0.08% 00%% 008% 0.08% 07% 0.07% 0069 o
" . N e v 0.5 3 0.1 235.38 -1.46E-09 0.50
B2 026% 0.23% 022% 0.20% 019% 018% 047% 016% D15% 014% 013% 012% 001% 01% 010% 009% 0.08% D08% 007% 0.08% 06% 0.05% 005 ) Now: Current 8.612 B v 9 MET Refe rence Sensor
B4 027% 0.25% 024% 0.23% 021% 020% 019% 018% DA7% 018% 015% 014% 0.14% 043% 012% D01% 010% D10% 009% 0.09% 008% 0.08% 0079 40 10 MBI 0.1 3 0.1 506.00 -2.74E-10 0.10
B8 028% 0.26% 026% 0.23% 022% 0.20% 018% 047% D18% 015% 014% 012% 0.13% 043% 001% D1% 010% D10% 010% D.08% 007% 0.07% 0069 33 Input Current(A): 0.000 -
R N> Ny N2 A7 N7 A7 A A A A A R A A A R A R A v A v A A A A A A A A 0
B 029% 027% 024% 0.22% 023% 0.22% 020% 0.20% D46% 015% 016% 015% 0.15% 042% 042% 043% 011% 040% 010% 0.08% 07% 007% 009 36 S| ZHE): 1 - -
60 0.27% 026% 0.24% 022% 023% 021% 0.18% 018% 0.17% 045% 0.14% 0015% 012% 0.13% 012% 0.11% 040% 0.10% 007% 0% 0.08% 06% 007 34 | D 2 .
v

82 029% 027% 027% 0.24% 024% 0.23% 022% 019% D.19% L48% 047T% D16% 018% D45% 014% DA% D% L043% 0M1% D12% L41% 040% 0409
84 028% 0.27% 0.24% 0.21% 0.23% 0.23% 020% 0.20% -0.18% D.16% 017% 0.15% 045% 013% 013% 013% 0.11% 041% 010% 0.10% -0.09% -D.08% -0.09

w
N
I

o Camera Lamp #1 ~

B8 020% 025% 029% D28% 028% 020% 026% 023 022% 013% 019K 017% L18% DATH 017% 016% D15% 012% O04% 013 012% 013 .41 28 .
B8 022% 025% 028% D27% 024% 020% 022% 021% 020% 01%% 020% 018% 018% D18% 016% 015% D12% 013 O04% 012% 013 013% 009 26 Stop Lamp Off | Start Lamp On . | Shu nt Reslstance Va | ue
70 033% 030% 032% 030% 029% 028% 024% 026% 023 023 02% 022% D19% 019% 020% D1%% 016% 0.16% 015% 016% D18% 0.14% 0189 24 B il L 4 ‘ '
720034% 03% 022% 3% 027% DITh QI7% 025 025% 026% DI2% 01%% D21% 019% 013% 018% 019% L15% 017% D15% 015% 018% 014 22 Keithley 6485 Picoammeter ” “ ”ll' ]y ”I "1 ’ “ I '
74 03T D% 3% 03 029% 031% 030% D29% 026% 027% D26% 026% D26% 023 2% D20% 019% 020% D20% 7% D18% 019% 0209 20 Address: | 25 E o
7 038% 0I% 024% 033 020% 03M% 028% D28% 028% 020% D20% 024% D20% 023 023 DA%% 021% 019% 018% 020% Di8% 0.49% 0189 18 ress: = pen ' ‘
78 043% 039% 030% 036% 0% 033 0% 032% 030% 2% 029% 020% D25% 025% 020% D20% 025% 025% 022% 023 D24% 025% 0229 16 ST 5.455528E-06 Lt
B0 040% 040% 039% 038% 036% 038% 034% 3% 032% 028% D28% 028% D28% 025% 025% D26% 024% 025% 025% 022% 024% 023 0229 14 \
32 051% 048% 045% 042% 039% 040% 9% DT 035% 034 03% 0% D% 032% 029% D29% 025% 029% 025% 2% D% 027% 0.0 12 Keithley 6500 Multimeter | “ ‘ | Iu“
10 Aeldrase: 3 B Open 1875.72 | il ”J:.I‘I . Il (]
8 L | o gl
6 Voltage: I ul | ‘ =
N 1875.56 44 ]
2 Stage
2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 =
COME. % 008 1 0.5 || 0.1 | 0.05 | 0.0
®-1,00%-0,80% M-0,80%--0,60% M-0,60%-0,40% -0,40%--0,20% M-0,20%-0,00% 1875.40 . '
Home Move 0 500 1000 1500 2000 2500 3000

It has a uniformity of 0.2 % (£0.1 %) within a diameter of 60 mm and 0.4 % within a diameter of 80 mm or more. _ _
The control program provides updates suitable for all end users.

CONCLUSION

If a conventional light source channel with a 2 kW light bulb that is movable using the automatic stage is installed parallel to the compact light channel in the
system, we can produce an illuminance level in the range from 0.1 Ix up to 20 000 Ix. A reference sensor and a DUT sensor can be aligned for calibration to each
light channel in the transverse measurement plane.

And with this capability, the system will be upgraded to measure luminance, luminosity and color coordinates in the future.
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