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Abstl‘act 2

Irreproducibility in some reflection measurement
methods arises fromi,the observance of the haze
.component of reflection (uon-rcgu!ar—speculnr. non-
‘Lambertiafi). Because of the haze component. the
medsured reflection is sensitive to the apparatus
conﬁgumtlon.k ‘We- slquw*the'effects of detectoi‘ ‘lens
a re and deg cto istg “on the measurement
of the reflected lumi i ihé& iily for detectors with
small subtense angles can reproducibility bc assured
when haze reﬂeciion ls nontn\rml '

" Introduction

In the development of display standards
researchers have encountered difficulties in specifying
adequate reflection mieffology beécause of a 'lack of
reproducibility using existing measurement techniques.
Regular specular and Lambertian diffuse reflection
models have been employed to design some of the
measurements. By employing a more complicated
model of reflection we are able to explain and modify
our measurements to avoid some of the anomalies.

In previous work we have introduced a three-
component reflection model based on the bldlrect:onal
reflectance distribution function (BRDF). ' The
BRDF relates the observed luminance to the
illuminance: ¥

dLy (O 8;) = B0, 6;.00. ) (0.8). (1)

and the BRDF compnses a linear sum of the three
components: specular (S, mirror hke), diffuse (D,

Screen Focus on screen

Source

Single ray from source

Haze “Lens

reflection

White diffuse standard
for normalization

Fig. 1. Unfolded specular configuration showing the haze
reflection of a single ray into a variable aperture lens.
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33.4: Reflection Measurement Problems Arising from Haze
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. Lambertian), and what we ‘will call haze (H, for‘ Wnnt of

a better term): o
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' pla.ced mlantcly_close ta Jhc_plxel. surface, ﬂat -panel
displiys (FPDs) cai be gfade $0” that they have only a

nontrivial hazt" comﬁddeﬁt: i, D=0 and S~0. The
reﬂecuani.of the haze component canbe-further reduced
by multjlayer antireflection -coatings.. It is the haze
reflection component that causes. the .complications in
reflection measurements of displays. The measurement
of haze ‘deperids upon the apparatus ‘configuration: the
distances of the source and detector, the aperture’ ‘of the
detcctor the focus of 'th‘e detccfor etc. ‘Only if the
subtensé¢ angle’ of the detector i is small can reproducuble
measurements of haze be made :

: Stover “ has’ demonstrated that the
measurements of the peak of the BRDF near specular
can’ be reduced by several orders of magmtude as the
aperture of the measuring optics is increased.’ The
width of the peak increases as, the aperture increases.
The combined effect is’ to flatten and broaden the
specular peak as the aperture lS increased.

Results

-, The luminance from a sample illiminated with

a slng‘c ray from'a light ‘soutce is shown in Fig. 1. The
light path is shown in an‘unfolded ‘configuration for
simplicity. ~ The haze'reflection 'for a single' ray is
shown as a lobe with” an exaggcrated width ~ for
illustration purposes. The detector is a charge-ooupled
device (CCD) with a 90 mm lens having
_“apertureg from 2.8 mm (f/32) to "32.1 mm
(2. 8)." A point light Source is placed
" 820’ mm’ from the sample for illumination.
"Eg 2 'shows 'the resulting dafa. At
1000 mm  from the “sample surface the
detector lens subtends only the peik region
of the lobe since thc collect:on solid angle
ranges from’ 0.8 msr (f72. 8) t670.006 msr

- (f/32):'Thesé data show an msensmv:ty to
lens aperture. However, at a distance of
200 mm the collector solid angle ranges
from 0.16 (f/32) to 20 msr (f/2.8). At f/32
the lens measures only the peak luminance
value of the lobe. At larger apertures, the
lens averages over an increasingly larger
percentage of the haze lobe whereby the
average value of the luminance decreases
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Fig. 2. Reflected luminance re!ame toa wlme
standard of a haze sample as a ﬁmcn o of Fig. 3. Reflected luminance retarwe to a white
rture and distance standard of a haze sample as a function of
e collector solid angle and distance
with aperture increase—a 40% change in measured £ e
luminance. g :
After each measurement of the haze reflection, 1.0 - ; e
the sample is replaced by a white standard to normalize B i > e i :
the data against a Lambertian reflector. The curves in 105}
Fig. 2 are second order polynomials fit through™ each Q 10.0
individual data set. The effect of distance and aperture ¢ g5
on measured luminance is better illustrated in Fig. 3, € 9.0
which plots all of the data versus the collector solid g ;
angle, or subtense angle in Fig. 4. Similar problems - 8.5
arise when the focus of the detector lens is changed, i.e. _S 8.0
whether the system is focused on the surface of the T 75
sample or on the light source. & 70
. . 2 " ‘ 6.5
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