
Now that you have your scatterometer, it is time to take a measurement.  The first step is to decide whether to
make a BRDF (reflected scatter) or BTDF (transmitted scatter).  The process is the same, but the instrument set-
up is different.  Setting up the instrument for BRDF measurements is simpler, so it will be covered first.

Setting up for BRDF Measurements
To make BRDF measurements, you will need the following components:

And, of course, your sample.

The first step is to thread the BRDF Point Light Source into the moving
stage on the scatterometer.  When you
have threaded it in almost as far as it
will go, plug in the power.  Either the
battery pack or the USB cable with a
barrel connector will work.  The USB
cable is shown.  When this is done, you
should see a spot of light on the stage
below the lens.  If you can’t see it, dim

the room lights and /or place a business card on the stage below the
lens.  It’s a good idea to have the lens near the top of its travel for this.  The spot of light should be about 1.5 - 2
mm diameter.  If it is larger than this, and the spot gets smaller as you lift the business card off the stage and
move it toward the lens, you need to thread the light source in farther.

When the spot of light stays about the same size as you move the busi-
ness card up and down, the light source is properly focused and it’s
time to tighten the knurled ring to lock the light source in place.  You
may now use the crank to move the light source left or right to set the
angle of incidence.

Finally, place the sample on the stage under the lens and lower the lens
until it is about 2 mm above the sample.  You are now finished with
setup for measuring BRDF.  Skip ahead to the section on taking a mea-
surement.
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Setting up for BTDF Measurements
To make a BTDF measurement, you will need the following components:

The first step in setting up for a BTDF measurement is to set the angle of
incidence.   If the lens is removed or you are using the lens with index
matching fluid, use the upper scale to set the angle of incidence.  Howev-
er, if you are using the lens without index matching fluid, use the lower
scale to set the angle of incidence.  Next, thread the BTDF Point Light
Source into the
BTDF stage.  The
BTDF light source is
very similar to the

BRDF light source; the only difference is the length of the
last threaded section, but this difference is critical  While
the BRDF light source focuses the light about 80 mm from
the end of the source, the BTDF light source collimates the
light.  The two are not interchangeable, so they are clearly
marked.  This photo shows a BTDF stage with a half-cyl-
inder lens, but yours may not have one.  The threading is
the same in either case.  You should keep threading until
the light source is snug.
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The BTDF stage may or may not have the half-cylinder lens that is
shown in the picture.  This lens is useful if you want to make mea-
surements in which the sample is index-mmatched to the lens to
eliminate scattering from the bottom surface of the stage.  Widely
available and inexpensive index matching fluids include silicone
grease and mineral oil (baby oil).  Both of these are a nuisance to
clean up, but the work well for all but the most critical applica-
tions.  If you want the scattering from the lower surface of the
sample to be included in the measurement, either make sure there
is an air gap between the sample and the lens, or just remove the
lens.



When the BTDF light source is snug, you can plug in the power cord.
Either the USB cord or the battery pack will work; you may use which-
ever is more convenient.  Finally, place the BTDF stage under the lens,
centered as well as
you can.  You’ll
need the software
to make the final
adjustments.  You
are now set up to
measure BTDF;

please continue with the next section.

Camera Setup
By now, you should have the camera plugged in and focused, the software running and be set up for either a
BRDF or BTDF measurement.  Start the Scatterometer software..  If it is not on your Start menu, you may need
to locate it in C:\Program Files (x86)\Eckhardt Optics\Scatterometer.  When it starts, you should see a Camera

Selection dialog box similar to the
picture.  You camera will likely be
different.  (If no camera appears,
please check your cables and make
sure the latest version of  Point
Grey’s FlyCapture software is in-
stalled and working.)  Assuming
your camera does appear, just click
the OK button and you’ll be ready
to start calibrating the instrument.

The first step in calibration is to
set the camera exposure to a value
that is at least approximately cor-
rect.  To do this, place the sample
you intend to measure on the stage

(either the base for BRDF or the BTDF stage) and lower the lens to about 2 mm above your sample.  This dis-
tance is not extremely critical unless your sample produces strong highlights, such as a specular beam.

With your sample in place and the scatterometer in po-
sition, the next step is to adjust the camera setting.
There are several considerations to keep in mind.  First
and foremost, you need to turn off auto-exposure.
There are two reasons for this.  The first is that the ex-
posure will almost assuredly not be what you want,
and the second is that the exposure will change over
time, invalidating your calibration.  The way to turn
off auto-exposure is to uncheck all of the boxes shown
in the Camera Settings dialog shown on the next page.
To get to this dialog, click on the phrase “Camera Set-
tings” on the ribbon bar, as highlighted on the picture.



Note that all of the boxes in
the “Auto” column are not
checked.  Once you have
done this, try to move the
Camera Settings dialog to the
side so you can see some da-
ta in your image.  It may be
dim, or it may be oversatu-
rated.  In either case, the so-
lution is to adjust the Gain
slider near the bottom of the
dialog.  Higher gain bright-
ens the image.

One of the things you want
to avoid is oversaturation.
An example is shown in the
next picture.  Note that areas
of the image are completely
white and show no detail.
Unless you want to ignore
these regions and bring out
some dimmer highlights, you
should reduce the gain until
no area of the picture is com-

pletely white.  The next picture shows proper saturation.

When the exposure is properly set, you can move
on to calibration.

Basic Calibrations
Calibration of the scatterometer accomplishes two things.  The first is background (instrument signature) sub-
traction.  This removes from a calibrated image any defects in the instrument that would show up in a mea-
surement of a perfectly absorbing sample.  You don’t want to see the instrument imperfections, you just want
to see the contributions from your sample.  This is accomplished by Dark Field Subtraction.  Secondly, it is
important to assure that a sample with Lambertian (uniform) scattering is measured as being uniform.  Any
lens has variation in transmission with angle, so this must also be calibrated out.  The process of doing this is
called Flat Field Calibration.  It involves measuring a sample that is known to be Lambertian and using the

result to appropriately adjust all measurements.  It is im-
portant to do both of these calibrations every time you
change the camera exposure. If you don’t recalibrate,
your measurements will have errors.

To do the dark field calibration, click on the phrase “Cap-
ture Dark Field” on the ribbon bar (next to Camera Set-
tings).  You will see a prompt reminding you that you
need to put the dark field cap on the instrument.  Just



screw it on a few turns, until the image is almost completely black.  Then click “OK”.  The measurement will
be made and recorded.

Flat field calibration is almost as easy as dark field.  The only difference is that it is important to thread the
flat field cap on part way.  Continue threading until you see an image similar to this picture.  Note that it is not

completely uniform, but you can see gray out to the edges of
the image.  When you have the image as uniform as you can
get it, click on “Capture Flat Field” on the ribbon bar (just be-
low Capture Dark Field).  You will be prompted to put the flat
field cap on, but you’ve already done that, so just click OK or
hit the Enter key.  After a fraction of a second, you will be in-
formed that the measurement has been captured.  Hit the Enter
key or click OK again.

You have completed basic calibration.  Other calibrations may
be necessary in special circumstances, such as highly specular
surfaces, but these will work for most purposes.

Making a Measurement
With calibration out of the way, you’re ready to measure your sample.  Just place the sample on the stage
and the measurement will happen.  You can record your measurements in a couple ways.  The simplest is to
save them either as a picture or a CSV file which can be read into a spreadsheet program for analysis.  To
access either of these, just click on the phrase “Save Calibrated Image” on the left side of the ribbon bar and
choose the desired file type.

A more sophisticated analysis can be performed within the program by clicking on “Calculate BSDF”.  This
produces the dialog shown below.  For now, it seems that my computer may be the only one in the world on

which this works.
I’ll write the de-
scription on how to
use this dialog when
I figure out how to
make it work on
other computers.


