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Abstract The work described in this paper is a part of the process of lamp and photometer calibration to obtain a new
luminous-intensity scale with a lower uncertainty. The procedure and the results of realizing the photometric scale with a
standardized detector at the National Institute for Standards (NIS) are described. This method enables photometric values to
be derived from absolute spectroradiometric measurements by exact computation. A filtered trap detector has been charac-
terized and used to measure the absolute spectral power distribution of standard lamps. Fromthese data a photometric scale
of luminous intensity has been realized. The results were compared to the certified calibration values obtained by National

Physical Laboratory (NPL), and showed agreement within uncertainty of+ 1.8%
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1. Introduction

The photometric base unit of the International System of
Units (S]) is the candela (cd), the unit of luminous intensity.
Since 1979, the candela has been defined as: the luminous
intensity, in a given direction, of a source that emits mono-
chromatic radiation of frequency 540x 10" hertz and that
has a radiant intensity in that direction of (1/683) watt per
steradian’® . The definition of the candela links together
photometric and radiometric quantities. The basis of accu-
rate photometric evaluations of light sources is provided by
accurate spectral measurements under specified geometric
conditions.

The National Institute of Standards in Egypt (NIS) used to
maintain the luminous intensity by a group of specially de-
signed lamps periodically calibrated at NPL (National
Physical Laboratory- England), with uncertainty of + 0.8%
However the scale can be realized by using detector-based
methods. Owing to recent improvements in radiometric
measurements, units for most photometric quantities can
now be realized with the highest accuracy by radiometric
methods. As trap detectors have been extensively described
by other authors G Their working princip le is summarized
only briefly here. Irradiance standard lamps can be accu-
rately calibrated in absolute values using the trap detector

and set of interference filters. As
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I=E, d° (2)

Where E, is the illuminance, I is the luminous intensity in
candelas, and d is the distance between the light source and
the irradiated surface.

The photometric unit can be derived from the spectral ir-
radiance distribution by means of a visual response function
V(A) defined and tabulated by the CIE and the constant
factor K, specified in the new definition.

2. Basis of the Measurement

The spectral irrradiance of a tungsten lamp E(A) at a dis-
tance d as a function of A, is defined as :
o(4)

A

E(\)= (3)

Where ¢ (A) radiant flux incident on an aperture area A.
Depending on the optical radiation incident on the effec-
tive aperture area, filter radio meter generates photocurrent as

] _:j p(2) 7(A) R(2) dA (4)

Where 7 (M) is the spectral transmittance of the filters,
R(A) is the known spectral responsivity of the trap detector,
and A is the radiation wavelength in air. Since the spectrum
of light source used in measurements is close to Planck ra-
diator, the spectral power distribution of the light source in
eq. (3) for over the visible range is estimated as given in the
following analytical form:

o(2)= Ay A+ Ay AP+ A A+ A,
exp(B/ A).A°
Where Ay, A7, A2, A3 & B are free parameters. The spectral

(5)
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irradiance was modeled with 3rd degree of polynomial to
compensate for deviations of the lamp used in measurement
fromthat of ideal blackbody radiator.”1?
Fromeq. (4) & eq. (3) we can obtain the following equa-
tion for the various filters as
Ay A+ Ay 2P+ A0+ 4,

L exp(B/ A).A°
where i indicates the filters which are used in the meas-
urements. Equation (4) must usually be solved by an iterative
method. We have to minimize the relative errors between the
measured and calculated values of the photo currents I,,; &
I.;to minimum using the least square fitting:
7
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(for the seven filters).

The detailed explanation for the solutions of these type
equations can be found in ref[11]. The luminous intensity of
the lamp can be calculated from spectral irradiance and the
luminous efficacy function, V(A) from equation (1)

3. Experimental Technique.

3.1. Filter Radiometer

diode2
diode1
diode3
A
radiation
Figure 1. Schematic representation ofthe trap detector

The filter radiometer is basically consists of the trap de-
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tector, interference filters and precision aperture. The trap
detector consists of three windowless Hamamatsu 13371
type silicon photodiodes; each has 1 cm’ active area. In trap
detector design, the photodiodes are geometrically arranged
in such a way that polarization sensivity is removed. In this
design, incident beam undergoes five reflections before
leaving the detector as shown in Fig. 1. Therefore, reflec-
tance of a trap detector is nearly zero. A precision circular
aperture of area 0.1 cm was attached to the front of the trap
detector.

Application of a bias voltage increases the linearity limit
by a factor more than 5

3.2. Filter Trans mittance

Seven interference filters from Avian, having nominal
central wavelengths at 400 nm, 450 nm, 500 nm, 550 nm,
600, and 650 nm and 700 nm, were used for the measure-
ments. All filters have a path band of 10 nm. The spectral
transmittances of the filters were measured with a Shimad zu
double monochromator with 0.1 nm interval and band slit
width 0.3 nm (Fig.2). Before starting transmittance meas-
urements the wavelength calibration of monochromator was
performed. The filters were checked out of the path band. It
blocks radiation away from the band path region to better
than 0.01%-

4. Measurement Set-Up

Two set of lamps, 1000 watt standard FEL type and
Osram 200 watt Wi/G lamps were used as light sources
having high optical radiation during measurements. Lamps
were operated with DC power at fixed polarity and at a sta-
bilized lamp current. The lamp current was measured as the
voltage across a calibrated reference resistor of 0.1 Ohm
using DVM Fluke 8085. The photocurrent of the photometer
was measured using a calibrated digital LMT
nano-photocurrent meter 11000. Baffles were employed to
minimize the stray-light.
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The trap detector and the baffles were placed on 4.5 meter
optical bench equipped with an accurate length scale. The
lamps were mounted on stages with five degrees of freedom
that allow accurate positioning of the lamp filament. The
optical axis of the bench was determined with an alignment
laser positioned between the detector and the lamp. The
detector to lamp distance was measured from the lamp
filament plane to the plane of the aperture. Filter radio meter
was used to measure the irradiance values on the aperture
plane of the trap detector. e transmittance range of the filters.

5. Characterization of the Trap Detector

5.1. Spectral Responsivity of the Detector

The spectral responsivities of the polarization independent
reflection trap detector, was determined in the range 350
-800 nm (Fig. 3). Using a high-accuracy spectrophotometer,
the trap detector was compared with a standard silicon de-
tector, 71582 & serial number: 492, one of the set upon
which the scale of detector spectral responsivity was estab-
lished at NIS (Egypt) and traceable to the cryogenic radi-
ometer.

5.2. Linearity

Linearity of the detector was tested using a double beam
aperture method '3, In this technique the output signal S,,
Sy are measured for two equal beams A and B. The sum of
these signals, S,+Sy, was compared with the signal when both
the beams are present in combination, S,,. The linearity
factor is defined as Sy/ S,+S,. A wide range of incident
power which corresponds to an output current range A to
10* A mpere.

Responsivity of trap detector

5.3. Spatial Unifor mity

The response uniformity of the active area of light- trap-
ping detector was investigated. Nonuniformity would pro-
duce measurement errors when the detector used in different
position. The uncertainty due to response nonuniformity
depends on the position and size of the beam (14131 The
measurements were done by using a Helium-Neon laser. The
detector was moved in x and y axis and the output radiation
were scanned across the surface.

6. Results and Uncertainties

6.1. Luminous Intensity Measure ments

Group of 10 lamps were used, Six FEL 1000 watt and for
Wi G Osram 200 watt lamps. The irradiance of the lamp has
been measured at discrete wavelengths corresponding to the
filters 400,450, 500, 550, 600 and 700 nm. A fitting curve
was carried out according to equation 7. The parameters
obtained for the lamps from the minimization were consid-
ered to be the final results.

From the irradiance distribution, the Illuminance of the
lamp at the detector aperture can be determined at known
distance d, then calculating the Luminous intensity from
equations 2. Five standard lamps operating at color tem-
perature 2856K were used. The measurements were per-
formed at a distance of about 2 meters. The luminous inten-
sity resulting from the measurements of the lamps using
filtered trap detector was compared to the certified values
reported by NPL, as shown in Table (1).

The difference between calibrated lamp at NPL & the
scale based on trap detector illustrated in Figure (4).
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Figure 4. Ratio of the luminous intensity measured by the QED trap detectorto the NPL- based value of the lamp

Table.l. Percentage difference between luminous intensity of group of lamps based ontrap detector and NPL scale

Lamp no. Lamp type Current A Certified Luminous inten- Measured luminous intensity Relative
sity by NPL in Cd by trap detector QED200 differences
1 FEL-1000W-BN-9101-420 734 1012.00 1019.55 0.75
2 FEL-1000W-BN-9101421 735 1055.00 1063.82 0.84
3 FEL — 1000W -NIST -2009 723 986.10 981.31 -0.49
4 FEL- NIST- F153 639 902 47 913.26 120
5 EG-FEL-frosted -NBS-10383 7.88 1524.00 151536 -0.57
6 EG-FEL-frosted NBS- 10384 790 1579.00 1564.12 -0.94
7 Wi41/G Osram- C608-20 592 281.20 284.70 124
8 Wi41/G- Osram - C728-43 591 286.30 28440 -0.66
9 Wi4l /G -Osram - E13 599 292.70 29435 0.56
10 Wi4l/ G- Osram —E14 6.03 238.00 236.57 -0.60

Table 2. The individual elements of uncertainty and their contribution to the luminous intensity

. Type of uncer- 10 -2 x relative standard uncer-
Component 10 -2 x uncertainty . .
tamty tamty
Trap detector
Absolute responsivity at 555 nm 140 70
Non-linearity 1.2 B 7 B 4.0
Spatial non-uniformity 0.5 B 11 B 63
Filter transmittance B
Transmittance of filter 20 11.5
Spatial non-uniformity 10 B 58
IR leakage 2.0 B ) B 0.6
Measurements B
Aperture area 8.7
. 15
Distance measurements B 30
30
Lamp current 15 A 8.7
Alignment repeatability of the lamp 28 B 28
Alignment repeatability of the filter radiometer 21 A 21
Stray light 12 A 69
Photocurrent measurements B 20
. 20
Interpolation 29 A 12.7
Interreflection 12 B 69
Combined standard uncertainty B 89.8
Expanded uncertainty 180

6.2. Uncertainties

The relative uncertainty of the measurements is about
1.8%. The major source of error affecting the uncertainty
was the spectral responsivity of the detector. This is due to
lower uncertainties in spectral radiometric standards. How-
ever, it is possible to reduce the uncertainty, if more accurate
spectral responsivity obtained. Also, to minimize errors the

trap detector should be temperature-controlled. The diffrac-
tion from the aperture and from baffles and the interreflec-
tions has a significant effect on the measurements. Table (2)
illustrate the elements ofuncertainty and their contribution to
the luminous intensity.

7. Conclusions



International Journal of Optics and Applications 2012, 2(4): 43-47 47

The SI unit of luminous intensity, the Candela has been
realized at National Institute for Standards (NIS) by using a
filter radio meter which consists oftrap detector QED200 and
seven interference filters. The detector has been character-
ized for spectral sensitivity, non-uniformity and linearity to
evaluate their stability as irradiance standard. Luminous
intensity of group of 10 lamps has been determined by filter
radiometry method. These lamps which calibrated at Na-
tional Physical Laboratory (NPL) with uncertainties of + 0.8
were compared with that measured by the trap detector. The
comparison showed an agreement better than 1.8%., which
lies within the uncertainty of the two scales.
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