B10.6 / 2004-027

To: NCITS B10.6 Members

From: Kevin Tall

Date: August 18, 2004

Subject: Opacity Reference and Test Method

Three issues regarding the new opacity test method as shown in N1311 (latest working draft
0f10373-1) require a US contribution for the next ISO meeting.

1. Reference Material
2. IR LED/detector availability
2. Demonstration of link between the new test method and current test method

Reference Material

The concern expressed by France NB over the suitability of wrattan neutral density filters for the
new opacity test method reference material has prompted a search for a more consistent, well
controlled alternative.

The use of a tinting screen film for the opacity reference material will provide such consistency.
Tinting screens are plastic films possessing a black (opaque) photographic emulsion layer with
regularly spaced "dots" that allow light to pass through the film.

The advantages of using a screen material for the Opacity Reference are:

1. Consistent light transmission at any wavelength.
2. % transmission reference based on geometry — not from a materials ability to absorb or

reflect certain light wavelengths.

3. Inexpensive and readily available.

Example using a "10% - 133 line/inch tinting screen:



0.08 mm dia dot
0.21 mm centers
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Approximate number of dots within 1.0 mm aperture from a 10% screen
(close, but not to scale)

We have obtained 5% and 10% - 200 line/inch (8 lines/mm) Densitometric and Negative Tint
screens for all to conduct their own assessment. Our Spectrophotometer measurements and
Sensor current measurements from the 4 types of tint screens obtained and from three card types
are shown in Attachment A

IR LED availability
The withdrawal of Panasonic LN 77A (860 nm — LED) prompted further investigation into IR
LED and detector availability.

While there are many GaAlAs type LEDs available at a reported 880 nm center wavelength
(Fairchild QED 222 for example), we discovered other manufacturers producing reported 860 nm
center wavelength LEDs (1-3/4 T or "5 mm" package). Kingbright W53SF6BT is an example of
an available 860 nm LED.

At this point I'm confident that part availability will not be a problem for at least 5 years. Part
withdrawals will always occur over the life of any test device. Fortunately, the unit cost of the
LEDs and detectors are low enough to permit the stockpiling sizable inventories for a modest
investment.



Link between new test method and current test method

It is important to demonstrate that the results of the new test method is capable of producing
comparable results to the current spectrophotometer method. We have assembled three different
translucent card types to compare transmission opacity results.

See Attachment A

The LED/Detector method produces opacity results in terms of current through the sensor (milii-
amps). The spectrophotometer produces results in terms of % of transmission. In order to
compare results we need to convert one of the results in terms of the other. Since its impossible
to convert the spectophotometer results to current flow, we'll convert the detector current flow to
% of transmission. To do this, we need a reference material that attenuates light within the linear
portion of the detector response curve (See Attachment B). For this analysis, we'll pick a 5%
Densitometric Tint Screen (8 lines/mm - 200 lines/inch) which yields a spectrophotometer % of
transmission result of 5.5% at 860 and 950 nm. Mathematically dividing the current through the
sensor with this reference material in place with the spectrophotometer result yields a linearized
"corrected" value of current at 100% (total transmission).

NOTE: We can not use the actual current through the detector when there is no material between
the LED and detector as the 100% point because the detector response is not linear from zero
current (no light being transmitted) to full current. The detector response, as specified in N1311,
is linear from no current to about 20% of light transmitted.

Conclusions:
1. For translucent card materials, the current ISO method for opacity (spectrophotometer) and
the proposed IR LED method produced very closely related results. See Attachment A

2. There is little difference between the Densitometric and Negative Screen Tints in the
measurement of transmission opacity as determined by the spectrophotometer.

3. Considering reasonable measurement variation (£0.5%), it doesn't appear that there is that
much difference between the 860 nm and 880 nm LEDs to make a third LED/Sensor
wavelength necessary. IR LEDs centered at 860 nm are still available (just not from
Digikey).




Test Method proposed modifications

We propose the use of a 5% Densitometric Tinting Screen as the reference material. A material
that permits only a 5% light transmission for the reference material is fitting since the current
ISO requirement from 450 nm to 950 nm is also 5% transmission minimum. (transmision density
1.1).

We suggest the following modifications to the test method text (N1311):

5.10.2.2.1 Calibration

Place the ORM 7810 reference material, defined in the base standard, between the LED and
detector nearest the detector. Record the minimum current through the detector, Iref. Move the
reference material between the LED and detector to obtain the minimum current.. Remove the
reference material after calibration.

Note: The ORM7810 reference material can be obtained from: Eclipse Laboratories, 7732 West 78" Street,
Bloomington, MN 55439 U.S.A.  www.eclipselaboratories.com

5.10.2.2.2 Measurement

2" paragraph:

Position the test card between the LED and detector nearest the detector and record the maximum
current through the detector, Icard, within the areas of the card specified in the base standard.
Move the test card between the LED and detector to obtain the maximum current.

4™ paragraph:
Find and record the opacity ratio for each LED wavelength.

5.10.2.3 Test Report

insert "LED" between each and wavelength




LN 77A W53SF6BT QED 222 LN66A
860 nm LED 860 nm Blue 880 nm 950 nm
Card type Min Max Min Max Min Max Min Max Sensor Current Ic
W-001 6.11 5.22 2.96 3.38 (mA)
X-001 2.79 2.65 1.05 0.77
Z-001 2.30 1.73 1.09 0.55
Minlc | Spect% | Minlc | Spect% | Minlc | Spect% | Minlc | Spect %
5% Dens Tint 4.06 0.055 4.10 0.055 1.94 0.052 1.88 0.055
10% Dens Tint 7.01 0.099 6.96 0.099 3.57 0.096 3.47 0.098
5% Neg Tint 3.76 0.051 3.91 0.051 1.81 0.055 1.73 0.051
10% Neg Tint 6.74 0.095 6.64 0.095 3.45 0.099 3.35 0.095
Spectro value (%)
100% Ref (corrected) {100% Ref (corrected) | 100% Ref (corrected) |100% Ref (corrected)
5% Dens Tint 74.22 74.95 37.67 34.37
10% Dens Tint 70.81 70.30 37.34 35.37
5% Neg Tint 73.29 76.22 32.97 33.66
10% Neg Tint 70.65 69.60 35.03 35.15
Open current (MA) 12.1 11.8 11.2 10.5
LED current 91 ma 43 ma 91 ma 91 ma
Sensor type PN108
Flat plate fixture
LN 77A W53SF6BT QED 222 LNG66A Spectrophotometer
Card type 860 nm 860 nm Blue 880 nm 950 nm 860 nm | 880 nm | 950 nm
5% Dens corrected % diff % diff % diff % diff
W-001 8.2% 0.6% 7.0% -0.7% 7.9% -0.2% 9.8% 0.0% 7.6% 8.1% 9.9%
X-001 3.8% 0.5% 3.5% 0.3% 2.8% -0.1% 2.2% 0.2% 3.3% 2.8% 2.0%
Z-001 3.1% 1.5% 2.3% 0.7% 2.9% -0.2% 1.6% 0.2% 1.6% 3.1% 1.4%
E-001 0.0% -6.3% 0.0% -6.5% 0.0% -7.8% 6.3% 6.5% 7.8%




ATTACHMENT A
Spectrophotometer Opacity

Sample ID: Translucent card sample W- 00/ Date: 7/2/04
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The round dot on the plot represents the LED/detector data as shown in the table below

CARD WwW-001

LED (nm) | LED Current (mA) | 100% current calculation®* | % LED current Spectro % diff
860 5.22 74.9 7.0% 7.6% -0.6%
880 2.96 37.7 7.9% 8.1% -0.2%
950 3.38 34.4 9.8% 9.9% -0.1%

*pased on 5% Densitometric Tint Screen current



% Transmission

ATTACHMENT A
Spectrophotometer Opacity

Sample ID: Translucent card sample X-001 Date: 7/2/04
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The round dot on the plot represents the LED/detector data as shown in the table below

CARD X-001

LED (nm) | LED Current (mA) 100% current calculation* % LED current Spectro % diff
860 2.65 74.9 3.5% 3.3% 0.2%
880 1.05 37.7 2.8% 2.8% 0.0%
950 0.77 34.4 2.2% 2.0% 0.2%

*based on 5% Densitometric Tint Screen current
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~ The round dot on the plot represents the LED/detector data as shown in the table below

CARD Z-001
[ LED (nm) | LED Current (mA) | 100% current calculation* % LED current Spectro % diff
860 1.73 74.9 2.3% 1.6% 0.7%
880 1.09 37.7 2.9% 3.1% -0.2%
950 0.55 34.4 1.6% 1.4% 0.2%

*based on 5% Densitometric Tint Screen current



