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Abstract

A multipurpose optical printhead evaluation device was
designed primairily as an instrument which is capable of
quantifying the performance of a laser printhead. A
Charge-Coupled Device (CCD) 1inear array measures the
intensity profile of the laser beam at the surface normally
occupied by a photoconductive drum. From these measurements
various mathematical entities such as the modulation
transfer function and image fidelity are calculated to help
evaluate the printhead. The device is generic enough in
nature that the instrument might also be used to evaluate

printheads based on other technologies such as LED’s.
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. Introduction

Information is being accumulated and processed today at
heretofore unseen rates. In order to accommodate the
tremendous output of data (in terms of written text and
graphics) the high speed'non—impact printing industry has
developed several competing technologies. Chief among these
are the laser printer using either polygonal mirrors,
hologons, or galvanometers to scan the laser beam across a
photoconductive surface. Other types of printheads include a
linear array of LED’s which can be turned on and off
independently to print an entire line at one time.
Consequently, a producer in this industry is forced to
confront several questions in order to assure that his
devices are capable of providing optimum output at
competitive data rates. For instance, does the printer
provide comparable quality and printing speed to that of
other instruments based on the same or different technology?
In addition, what improvements can be made to the present
machines sovthat better resolution and higher speeds can be
achieved?

We have developed a design tool to aid in answering
these type of questions. The instrument is capable of
measuring and evaluating numerods parameters which are used

to determine ovefall printhead quality.
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In addition, the device operates at sufficiently high rates
SO that real-time waveforms can be captured and analyzed.

The basic instrument consists of a CCb (Charge-Coupled
Device) linear array mounted at the position normally"
occupied by the photoconductive surface. The CCD is used to
measure the intensity profile of the incoming waveform as it
appears at the surface of the photoconductive drum. Using
these intensity measurements several important quantites can
be calculated which are descriptive of printhead
performance. Perhaps the most critical of these are pel
placement accuracy (in both the scan and process directions)
and spatial pulse width. Also included are measurements of
the Modulation Transfer Function, and image fidelity.

In the analysis which follows, all measurements were
performed on a laser printer which incorporates a polygonal

mirror to scan the beam.
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11. Types of Measurements ——— Based on_a_Laser Printer

The relevance of the different types of measurements
made for a particular system becomes especially clear
"with a basic working knowledge of how the printhead
operates. Of particular interest here are laser printers
which use a polygonal mirror to steer the laser beam across
the surface of the photoconductor (1, 2, 3). The basic
components comprising a laser printer are depicted in figure
1 below. (Note: The illustration is not drawn to any scale.
Optical components are represented in this drawing and those

in the remainder of the text simply as boxes.)

B A Laser

Figure 1. Basic Laser Printer Components
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The first device encountered by the laser beam is an
acousto-optic cell (A) which is used to modulate the
intensity of the laser beam so that the appropriate series
of dots, dashes, and lines appears at the surface of the
photoconductive drum.

Having passed through the modulator, the beam is
conditioned by some pre-scan optics (B). The optical
requirements here differ from printer to printer depending
on how the manufacturer decides to illuminate the facets of
the polygonal mirror (C).

Since the mirror is rotating, the deflected laser beam
moves in the direction of mirror rotation, producing a
single scan for each facet. I[deally, the distance the beam
is scanned is directly proportional tb the scan
angle. I[f the scan distance is some nonlinear function of
the scanning angle, distortions are introduced (see figure
2).

After being deflected from the mirror, the beam enters
an anamorphic system of post-scan optics (D). This series of
lenses might be used to correct for errors in the polygonal
mirror. For instance, the plane containing the facet should
be parallel to a plane containing the axis of mirror
rotation. For‘small deviations from this, any tilt may be

corrected optically.
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Upon leaving the post—-scan optics, the beam comes to a
focus on the surface of a photoconductive drum (E) which is
also rotating. The direction perpendicular to the scan
"direction of the laser beam is known as the process
direction.

Note that at the beginning and end of the scan, are
positioned start-of-scan (SOS) and end-of-scan (EOS)
detectors which are essential to the timing of the system.
These provide translational information about the beam so
that a series of pixels can be made to form lines in the
process direction.

Some of the critical factors in producing letter quality
text should now be evident from this brief introduction to
laser printing technoliogy. Perhaps the most obvious is the
need for a uniform spotsize along the length of the scan.

Another important parameter is pel placement. (A pel is
defined as the shortest interval in which the laser beam can
be made to turn on and off, thus writting a single point
on the photoconductor.) More explicitly, the position of a
specific pel centroid from one scan to the next. This is one
of the factors determining how true a line can be produced
in the process direction.

Other factors affecting print quality are scanning
velocity distortions and beam diameter variations ( 4 ).

Scan velocity distortions is the time derivative of the
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distortion, the distortion being defined as

distortion = (y - )/ * 100 (%),

where I' denotes the ideal scan distance as measured from the
center of the scan, y the actual scan distance, and 6 the
scanning angle. With f the distance shown in figure 2, vy is
related to the scanning anglie by the expression,

y = f * taneé
The ideal scan distance is then,

r = f * e@.
The scanning velocity distortion can now be calculated by
taking the time derivative of the individual terms in the

first equation and is given by

scanning velocity distortion = (dy/dt - dr/dt)/(dr/dt).

scanner I

Figure 2. Scanning variables f, y, and ©
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Physically, a positive non-zero scanning velocity
distortion results in the beam increasing in width in
the scan direction as the angle & increases.

The other distortion mentioned earlier, beam diameter
variation, as implied by the name, refers to an elongation
of the beam in the process directfon.

The bench model that was developed is capable of
providing measurements of all these types of distortion.
Additional analysis such as image fidelity, and MTF
(Modulation Transfer Function) measurements have also been
provided to further scrutinize various aspects of the laser

printer.
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I1l1lI. Instrumentation

The core of the optical printhead evaluation device is
the CCD array. The array (CCD133A produced by Fairchild)
consists of 1024 elements each 13 by 13 microns square
located on 13 micron centers. The small photoelement size
and precise geometry of the array allow for the accurate
determination of the intensity profile. The array can be
clocked at. 20 MHz which means the entire 1024 elehents can
be read at rates up to 19.5 KHz. Through a combination of
software and hardware support, the 1024 elements of the
array are divided into 16 sectors, each containing 64
elements. Any consecutive 64 element set of blocks may be
"turned on" exclusive of all the other photoelements. The
pu%pose behind this is two-fold. First, not all measurements
require 1024 data points. If only a 64 element block is
needed, then data processing times can be drastically
reduced, and memory requirements made less stringent.
Second, if there are "dead"” elements (i.e., elements whose
response is extremely poor) the segments in which they occur
need not be used.

The CCD array is positioned where the surface of the
photoconductive drum would normally be located —— at the
waist of the output laser beam. It was found impractical to

mount the CCD in the actual position occupied by the drum.
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Instead, a mirror is used to deflect the laser beam onto the
array, so that the waist of the beam remains at the CCD
sensor surface. (The mirror is of sufficiently high optical
quality so that it does not introduce any distortions which
could be mistaken for effects due to the optics of the laser
printer.) This configuration has several advantages. First,
the mirror used to deflect the laser beam onto the array can
be easily translated so that a three-dimensional profile of
the beam can be built up. In addition, the array can be
securely fastened at one location, minimizing array
vibration due to external perturbations.

Positioned underneath the array is a rotary mount which,
in turn, is screwed to a translational stage. The
translational stage allows the entire CCD array to be
displaced along the scan direction. The rotational mount is
used to align the array (when used in conjunction with the
mirror translational mount) either parallel to the scan axis
or perpendfcular to it (i.e., along the process direction).
This process could be entirely automated by using
programmable actuators (such as the 855 programmable
controller system available from- Newport Corporation).

(For a more complete description of the instrumentation see
appendix C.)

The output of the CCD array is directed into a transient
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recorder (LeCroy model TR8818). The recorder provides 8 bit
resolution ( 6.2 effective bit accuracy at 5-20 MHz) of the
sampled signal and is capable of 100 MHz sampling rates.
Consequently, it can easily keep pace with the output of the
array. The digitized waveform is stored in a 32k memory
(expandable to 512k) which is transferred to an IBM AT
computer for analysis.

Two finterface cards were created. The first, interfaces
the array to the P.C., the laser printer, and finally, the
transient recorder. One of its functions, as mentioned
earlier, is to provide control over which segment(s) of the
array the user wishes to turn on. Another is to synchronize
the operation of the device. Timing for the entire system
is maintained by the pel clock produced by the laser
printer. The array dumps the captured waveform to the
digitizer during the interscan period. The second card is a
laser printer-P.C. interface exclusively. It provides the
capability to use the software to control where in the scan,
and for what duration, the laser beam will be turned on.
(For a complete description of the electronics see appendix

B-)
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IV. Array Characterization

Unfortunately, each of the 1024 elements of the CCD do
not respond to the same intensity input in exactly the same
manner. There seems to be a slight variation in photoelement
characteristics which amounts to a constant offset from
element to element in terms of response. Since this
particular array has two outputs, one for the even numbered
photoelements and another for the odd, additional offset
occurs in the analog signal due to the summing of these
output channels.

Not only was non-uniformity a problem, but the
quartz window on top of the array produced interference
effects. The majority of the fringes were eliminated when a
wedge was placed on top of the window. A special mount was
created to hold the wedge in place. Optical index matching
fluid was placed in the window-wedge boundary to help
match the indices of refraction between the window and
wedge.

Even with the wedge, interference fringes are still
visible. However, the intensity variation for an unmodulated
scan acr&ss the array was shown to be less than the
resolution attainable by the system. A photomulitiplier tube
was used to measure the scan-to-scan intensity variation.
The fluctuation in intensity was slightly less than é%. The

digitizing window is set between 0 and 512mV. With an



T-3277 12

effective bit accuracy of 6.2, there are only 73.5 levels
within this window. Since the maximum oufput voltage of the
array is approximately 1/3 volts, the system can only sense
changes greater than 2%. Therefore, an unmodulated scan can
be used to cal ibrate the response of the array. Using this
scan a special algorithm calculates a characteristic gain
coefficient for each of the photoelements. This gain is then
divided out of all subsequent data. The effects of this
routine are shown on the next two pages. The first image is
the uncorrected scan, the second shows the scan with the

gain divided out.
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60.0 - Uncorrected Pulse
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Figure 4. Uncorrected Pulse

The high frequency oscillations (1/3 cycle per data
point) are due to the offset between channels. The slower
intensity‘yariation is due mostly to the interference

pattern.
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60.0 Corrected Pulse
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Figure 4. Corrected Pulse

he signal has now been cleaned up sufficiently so that
a meaningful analysis can be performed. The interference
fringes can never be completely corrected for since the
facet-to-facet variation is averaged into the gain

coefficients.
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The actual coefficients are calculated using the

following expression,

] I" u

= * gain
measured 8

1 actual

where y =1, . . . , 1024 .

First, a series of unmodulated scans are analyzed to
determine the average intensity. This average intensity is

then substituted into the above equation in place of

Il-l

actual to give for the gain,

M _ M
gain® = 1 measured / laverage
This gain is now divided out of subsequent measurements to

: 7]
yield 1 actual*®

An alternate method of completely compensating for the

interference effects might be to use an array of photodiodes
rather than a CCD array. EG&G Reticon states in their
catalogue that the interference effects due to surface
electrodes in CCD arrays is not seen with photodiode arrays
(5).

If the pulse to be examined is made small enough, the

interference fringes are no longer a factor, and the gain
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coefficients need not be used. 1In this case the intensity
profile is smoothed by an algorithm which acts as a low pass
filter and completely corrects for the odd-even channel
offset. Normally, this routine is left on no matter what the
duration of the pulse, so that the channel offset is always

automatical ly accounted for.
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V. Results

A. Image FidelitY

Image fidelity is a measure of how faithfully the
optiéal system reproduces an object. If the image of the
object is perfect, the fidelity ’F is unity (6). However,
due to diffraction effects and abberations, the image is not
a perfect reproduction and the fidelity lies somewhere in

the range

Mathematically ¢, is defined to be

F

¢ = 1 = (ff (0 = DZdxdy)/(ffgo’axdy)
where o(x,y) = the ideal image intensity and [(x,y) =
the measured intensity.

The integration is performed over the working field F of
the optical system in question. No assumptions of
isoplanatism (spatial-invariance) have been made. The
denominator in the second term of the above expression is
included for normalization purposes.

Obviously, since the CCD array is linear the above
integrals reduce to the one dimensional case

.= 1~ (fp(o = DZdx)/(fpo®ax)

F
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Fidelity vs. Scan
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Figure 5. Image Fidelity

The image fidelity for a series of scans is plotted
verses scan number in figure 5. The ideal image was a single
square pulse. Due to the gaussian nature of the laser beam
intensity profile, the actual measured image appeared as a

convolution of a8 square pulse with a gaussian.
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'0S - Smoothed Fidelity
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Figure 6. Smoothed Image fidelity.

It is especially interesting to remove the high
frequency oscillations from the graph in figure 5. The
resulting plot, as illustrated in figure 6, reveals a
periodic waveform. The period of the waveform corresponds to

exactly one revolution of the polygonal mirror. Thus, using
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this particular type of analysis it becomes possible to
distinguish each of the individual facets of the mirror.

To calculate the fidelity, information contained in the
first scan is used to create an ideal image pulse. The width
of the ideal pulse is given by the distance between
inflection points of the measured intensity profile. The
height of ¢ is calculated as the maximum intensity reached
by I. This ideal pulse is then used in the expression for

’F for all consecutive scans.
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B. The Optical Transfer Function

The optical transfer function (OTF) provides useful
information relating to an optical systems ability to
resolve spatial frequencies (7, 8, 9) . A detailed image may
be thought of as being composed of a series of spatial
frequencies, when appropriately weighted, sum to form this
image. This is exactly analogous to the Fourier
decomposition of a square pulse.

If an optical system either poorly resolves (or is
simply unable to resolve) a given spatial frequency, then
information about that object is lost, and the resulting
image does not contain all of the structure found in the
original object. Cleariy then, an important parameter
descriptive of lens performance is one which is indicative
of how well a spatial frequency is imaged by the optical
system. This is the type of information contained in the
optical transfer function.

An explicit mathematical form for the OTF is found by
relating the intensity distibution in the image plane
Ii(x',y'), to that in the object plane, Io(x,y). Assuming a
non-coherent, monochromatic source, the imagé intensity
distribution is Found by summing over the product of the
object intensity and a factor known as the point spread

function.
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The point spread function accounts for the fact that a
perfect point is not imaged as a point, but rather it is
is blurred over a small area. For instance, in the case of a
diffraction limited system, the image point is an Airy
function. Thus, the point spread function is used as a
weighting factor to account for diffraction and abberations
in the system.

The intensity in the image plane is therefore given by
the expression

I, = ff8(x7,y"3x,y3A) I _(x,y)dxdy

i

where 8 is defined as the point spread function.

If the area of integration is restricted to an
isoplanatic region P, then the point spread function can be
rewritten as

(X’ ,¥ iXsy¥32) = &§(x’ = %X, ¥° = Y¥id)
The equation for the image intensity then becomes,

Ii(x’,y’) = ff6(xX’ = X, ¥V - VY ;A)Io(x,y)dxdy

Thus, Ii is the convolution of the object intensity with the

point spread function.
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Taking the Fourier Transform of both sides of the last

expression,
FCI,} = FL8) » F(1 )

and solving for the Fourier Transform of the point spread

function,
F{8} = F{Ii} / F{Io} = OTF.

This last equation, is by definition the optical transfer
function.
Since the OTF is in general a complex gquantity, it can

be rewritten as
OTF = MTF * exp(ig)

where MTF = the Modulation Transfer Function and £ = the
Phase Transfer Function.

Using the CCD array, both the MTF and & can be measured.
The MTF (normal%zed by the zero spatial frequency value) is
plotted on the next page for the laser printer, used in this

investigation.
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MTF'vs. Scan # and S. Frequency
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Figure 7. One dimensional MTF for the laser printer.

The one-dimensional MTF is graphed against spatial
frequency and scan number producing a three-dimensional
plot. This allows easy visual comparison of the MTF from one

facet to the next. Shown are two complete revolutions of the

polygonal mirror.
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Modulation Transfer Function

41N

. 360
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Figure 8. MTF for a single scan.

In figure 8 a single cross—-section of the plot in figure

7 is shown.
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Unlike more conventional methods of measuring the MTF,
where a target with black and white bars of varying spatial
frequency is imaged, this analysis was done by turning the
laser beam on and off in a realitively short distance (thus
writting a "dash" to the detector). The frequency components
of this pulse were then compared to those of an ideal square
pulse, yielding the MTF for the laser printer.

An alternative method might have been to modulate the
beam so as to produce a train of square pulses. It was felt
that this manner of measuring the MTF would result in
washing out effects of abberations at a particular location.
The single square pulse was thus considered the most
appropriate for carrying out the analysis.

The Nyquist frequency for the system is 38.5 mm-l
which turns out to be more then adequate for the analysis of
the laser printer.

It should be noted that because this is a sampled image
system it is possible to violate the assumption of
isoplanatism (10). For example, a sufficiently small target
might activate more photoelements in one position than
another. The reconstructed profile would then appear to be
different at both positions. This can be avoided by making
sure that the ratio of pulse length to photoelement size is

fairly large.
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Should this ratio become small it is still possible
to calculate the MTF but a more sophisticated analysis is
required.
) Real and Theoretical MTF
880 ——
= T
-
T L7201
. 560
T
. 400
. 2401
; : — ; : ; : ; |
. 700 2.10 3.s50 4.90 \5\30
Cycles per mm
Figure 9., Theoretical and measured MTF comparison.
The theoretical MTF for the system was calculated, and
in the graph shown above, compared to the measured MTF.
(Theoretical values all lie on the upper curve.) There is

good agreement at low spatial frequencies, the curves

deviating at higher values.
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Finally, the shift in position of the. pulse can be
measured by comparing the centroid position from one scan to
the next, which is simply a measure of the phase transfer
function. However, it should be noted that this measurement
of the PTF provides only a relative and not absolute value

for £. These measurements are described in the next section.
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C. Pel Placement

With the laser printer programmed to produce a single
pel, the placement of this pel from scan-to-scan can be
measured. Each acquired scan is fit (Gauss-—Newton method) to

a gaussian distribution of the form
Intensity = B * exp{-C(x-A)z}

where A is the position of the centroid, B the maximum
intensity, and C the gaussian modulus.

In order to determine the accuracy in position
measurement, a stationary laser beam was directed on the
chip. The width ( at the 50 % points ) of the intensity
profile for this beam was adjusted to equal that of the
laser printhead’s as close as possible. The image o# the
stationary beam was captured at the same rates as that of
the scanned beam. From this analysis, it was found that
there is a +.5%9um variability in the position of the
centroid.

The reason for this error has not been completely
isolated. One of the possible sources contributing to this
error might be noise in the laser. It was noticed that as
the laser warmed up, the error in centroid position slowly

increased, and finally leveled off at the stated value.
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so.5 = Centroid Position vs. Scan
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Figure 10. Centroid position as laser warms up.

Figure 10, shows the ,stationary beam positioh over a
period of approximately six minutes. The data was taken in
three separate intervals, two minutes between each
acquisition. Notice how the position becomes less certain

with each succesive acquisition.
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S0 4 - Centroid Position vs. Scan
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Figure 11. Centroid position calibration plot.

In figure 11, the laser has reached some sort of
equilibrium, with the beam position wandering within a
specific interval. Excluding a few spurious points, the
range is .09 photoelements from maximum to minimum. This' is
used as the uncertainty in all subsequent measurements.

Should laser noise be a major contributor, the actual error

in centroid position may be much smaller.
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Figure 12. Centroid position for individual scans.

Figure 12 shows the change in centroid position for a
series of scans taken from the laser printer. A periodic
waveform is noticeable once again. Figure 13 replots the
data in figure 12, but with the higher frequency

oscillations stripped from the waveform.
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Smoothed Centroid
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Figure 13. Smoothed centroid position.

Counting the number of points in one period reveals that
it correspends to one revolution of the mirror. Sinée the
scan number is retated to time, a Fourier analysis can be
performed on the data, confirming that there is indeed a

frequency component at the rate of mirror revolution.
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_ FFT of Centroid Position
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Figure 14. FFT of centroid positon.

The FFT shows two noticeable peaks. One at 133.3 cycles
per second (which is the r:‘:ate at which the mirror is
spi’nm‘ng) and one at 693 cycles per second, or approximately
five times' the first. The reason for the second peak fis

unknown.
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62.0 ~ Max Intensity vs. Scan
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Figure 15. Change in intensity with scan.

Since a curve fitting routine is used, the change in
peak intensity and waist size (FWHM) from scan-to—-scan is
available also. For the run shown in the centroid plots

these results are graphed on this page and the following

page.
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). 56 Pulse Width vs. Scan
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Figure 16. Change in waist size with scan.

A fourier transform of these plots reveals no
distinctive frequency components, simply random peaks.

(Note: the pulse width is given in units of photoelements.)
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s 1 Centroid Position vs. Scan
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Figure 17. Centroid position in process direction.

The beam profile can also be captured in the process

direction. Figure 17 illustrates how the centroid of the

profile changes in position along this axis.

200.
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Figure 18. Typical series of intensity profiles.

To provide a more physical picture, figure 18 is
included to show how the actual profile changes from
scan-to-scan. Shown are 10 consecutive scans. Note how the

position of the centroid changes, and how the peak intensity

Fluctuates.
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D. Spatial Pulse Width

The final measurement concerns the width of a pulse.
With the printer programmed to turn on and off within a
specified interval, the spatial pulse width as measured
from the points of inflection of the pulse can be
determined. The results for a series of consecutive scans

is presented in figure 19.

a4 Pulse Size vs. Scan
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Figure 19. Spatial Pulse Width
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0.0 ~ Smoothed Pulse
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Figure 20. Smoothed spatial pulse width.

Removing the high frequency oscillations, a waveform of
period 18 is revealed. Once again, it is indicative of the
individual facets. (Note: the units of the pulse size are

photoelements.)
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V. Exposure Predictions

Using the aforementioned techniques the intensity
profile can be characterized for the entire scan distance.
"This information can be used to predict how the
photoconductive surface of the drum would be exposed, and
thus, what the resulting print should look like. Following
the development. of Sonnenburg (11), the measured profile is
an elliptical gaussian given by,
exp{-(azx2 + Bzyz)}

Imeasured = Ipeak

where the x—-axis is oriented along the scan direction and
the y—-axis in the process djrection. The peak intensity,_
Ipeak' and moduli, a, and B8, are all measured parameters.

The average scan velocity Vgr can be measured, leaving
the rate at which the photoconductive drum rotates as the
only unknown.

If the distance between scans (peak - to - peak in the
process direction) is denoted by p, then the amount of
energy per unit area deposited at point xo, yo by scan n is
given by,
exp{—(az(xo- np)z—Bz(yo-Y)zldt

En(xovyo) = Ilpeak
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where the limits of integration are from t=0 to t = t
being the time it takes to complete one scan).
This last expression can be simplified to read,

E_( ) = -1 {—a"( % 2y?
n>o'Yo) = peakexp a (xg np) $fexp(-8 vy )/vsdy
where |1 is the length of the scan, and the limits of

integration are, Y=y, to y = Yo ~ 1.

Approximating the integral by allowing the limits to

approach +=,

/2
/

E =1

2 2 1
n peakexp{-a (xo- np) }w

(vsB) .

(o}

(t

o]

If the speed at which the photoconductive surface crosses

the scan plane is denoted by vp. the above equation'can be

rewritten to read,

E =1

(- 2 2 1/2
n peakexp a (xo~ np) lpw /(Blvp) .

The total exposure at xo. Yo due to all scans is then,

2
E = ¥l exp{-a (xo- np)z}vllzp/(Blvp)

peak

where the summation runs over n = +=,

42
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This function now provides the exposure at any point on
the photoconductive surface as a function of drum velocity.
Consequently, it can be used to predict the shape of lines

or pixels, and help determine optimum operating conditions.
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VII. Conclusion

A close examination of the results would seem to
indicate that the classical calculations of the MTF are not
as appropriate in determining how well the printhead
performs as are the measurements of pel placement and
spatial pulse width. Of foremost importance is the intensity
distribution on the surface of the photoconductor.. Pel
placement and spatial pulse width measurements are not only
indicative of this distribution, but they can also be use to
readily predict how a series of pixels, dashes, or lines in
either the scan or process directions will appear.

On the other hand, the results of an MTF analysis are
not as easily interpreted. By itself, it is difficult to
relate how a particular value of the MTF for a given spatial
frequency will affect the output of the system. The
potential usefulness of the MTF lies in measuring the
function for many systems and developing a sufficient
database so that the relation between system performance and
the MTF becomes more transparent.

[t was hoped that the measurements of the OTF would
allow the calculation of wave aberrations . Unfortunately,
the signal-to-noise ratio is too low aﬁd the aberration
retrieval algorithm too sensitve to noise to make any

realistic recovery of the wave aberration conceivable (12).
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Several new schemes have been proposed to improve on the
accuracy and the signal-to-noise ratio . The first of these
improvements would involve the recalibration of the centroid
position of the stationary laser beam. An alternative method
of positioning the beam on the array is being investigated
which would reduce any movement of the beam due to laser
noise to a second order effect. A second improvement would
be to increase the gain of the signal from the array.
Currently the output runs from ground to approximately.
300mV. This should be increased to 512mV so that the signal
spans-the entire range of the digitizing window.

Another method of enhancing the system performance has
already been mentioned; using a photodiode array in
place of the current CCD device. However, even if the
interference problems are overcome, another obstacle still
remains. For example, the only photodiode arrays (of
equivalent number of photoelements) capable of providing the
necessary data rates are multi-channel devices.
(Multi-channel meaning, rather than a single analog output
for the array, there are several outputs.) Thus, many
digitizers would be required, dramatically increasing the
cost of the system. (An alternative might be to use a
muitiple track recording system. By storing the signals on
magnetic tape, it is no longer necessary to have multiple

high speed transient recorders, since the signal can now be
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digitized at leisure.) Smaller arrays could be used,
reducing the number of channels, but the photoelement size
is in general larger. Even so, the smaller arrays probably
offer the best possible performance. Since they have fewer
elements, it takes less time to clock through the entire
array so that slower rates are possible, increasing the
signal-to-noise ratio and the efFectiQe bit accuracy.

Other improvements to the system do not necessairily
involve increasing the signal to noise ratio, but rather,
allow for easier adjustment. For instance, the array (and
its rotational and translational stages) could be mounted on
some type of rail System which would permit the device to be
positioned anywhere in the scan distance with minimal
adjustments. Additional software automating various aspects
of the device (e.g., positioning, locating the beam on the
array, etc.) would also help to reduce operating time.

Finally, it should be noted that while the measurements
in tﬁis report were made on a laser printer, the system is
quite capable of capturing the intensity profile produced by
other types of instruments. A careful analysis of the
different profiles might provide ;ome useful insight as to

which technology provides the optimum performance.
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Appendix A —— Software.

This section descibes the software used in the data
acquisition and analysis. The entire program is written
in ASYST. A dictionary is provided which describes how each
word operates, what inputs are required, and what values are
returned to the stack (if any). At the end of the dictionary
the program is listed. The format follows that of the ASYST
manuals, except for the asterisk ranking system which is

defined to be:

* ——— Word cannot be executed by itself. It is
used internally in the program only.

##* —— Word can be executed by itself, but its
primary purpose is internal to the program. May require
certain arrays to have data loaded into them prior to
execution of this command.

»#% - Always executed by itself.

Examples on how to use the word are included where
appropriate, and are in general, confined to *** words.

It is recommended that the user read the ASYST —-- A

Brief Introduction to Asyst manual at the very least before

attempting to use any of the following commands.
At this point it is also approbriate to comment on how

the data files which are acquired using the
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DATA.ACQUISITION.AND.STORAGE command are structured. For any
given acquisition there will be n subfiles in the file. The
first n-1 subfiles contain the intensity profiles from n-|
scans. The length of the subfile depends on how the user hés
progrémmed the CCD array. They can range from 64 to 1024

elements long.

The nth subfile is always 5 elements long. This is the

status array. This is the first subfile read when any of the
programs which do analysis are executed. The Fivé elements
are read into an array named STATUS. The first element is
the run number. This can be any number the user wishes. Its
primary purpose is to provide a "tag" so that different runs
can be identified. The second element is the number of
photoelements that were used. This will range from 64 to
1024 in blocks of 64, The number of elements in the n-1
subfiles will always equal this number. The third element in
the STATUS array specifies the amount of memory the TR8818
was programmed to use. In the fourth element is stored a
number which determines how long the laser beam was turned
on in the scan. The final element of STATUS stores how far
from the waist of the output beam the CCD was when the data
was acquired.

If the structure of a particular file has been
forgotten, it can be printed out on the computer screen by

using the following series of commands:
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OK FILE.OPEN (filename)

OK ?FILE.TEMPLATE

After issuing the ?FILE.TEMPLATE command the computer prints
out the structure of that particular file.

In the examples that follow the data is acquired in the
file TESTI9.DAT . Any 8 letter filename with a three letter

extension could have been used.
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File: ANALYSIS.IBM

GAUSSIAN [ X == F(X) ] **»

A data array is required on the stack before

execution. GAUSSIAN evaluates the function B*exp{-C(x - A)2

at each point of the array and returns these values in an
array of the same dimension to the top of the stack.
The values for A, B, and C are provided in the word

PARAMETERS.FOR.GAUSSIAN, or can be defined by the user.

FFT.OF .MEASURED.INTENSITY [ == ] **
Finds the FFT for the measured intensity proFfle which
must be read into the array INTENSITY prior to execution.

The FFT is stored in the array FFT.INTENSITY.

FFT.OF . IDEAL.INTENSITY [ —-= ] **

Calculates the FFT of an ideal square pulse. The ldeal

52

}

FFT is stored in the array FFT.IDEAL.INTENSITY . The size of

the ideal pulise is taken from the fourth element in the
status array. The height of the ideal pulse is arbitrarily
set at 63. This should be changed if the pulses being

measured are noticeably higher.
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MTF.CALCULATION [ —— ] %*

Calculates the MTF using FFT.INTENSITY and
FFT.OF . IDEAL.INTENSITY . Consequently, the words
FFT.bF.MEASURED.INTENSITY and FFT.OF.IDEAL.INTENSITY must
be executed prior to this instruction. The MTF is stored in

the array MTF.

RETRIEVE.DATA [ —— '] *
The status array occuring in the data file named

by "FILENAME!l is read and stored in the array STATUS.

PULSE.ONE [ -—=- ] *
Fits a quartic polynomial to the first edge of the
captured intensity profile. Stores the edge of the profile

in array SUB.INTENSITY.ONE .

PULSE.TWO [ —— ] *
Fits a quartic polynomial to the trailing edge of
the captured profile. Stores the edge in the array

SUB. INTENSITY.TWO.

INFLECTION.POINT.ONE [ -~ ] *
Finds the inflection point from the curve fit of the

PULSE.ONE word. Stores this value in the scalar Pl.
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INFLECTION.POINT.TWO [ ~-= ] *
Finds theAinFlection point for the curve found in

PULSE.TWO . This value is stored in the array P2.

CALCULATE.PULSE.SIZE [ —=— ] %%*

Upon execution of this word, the computer will prompt
the user for the name of the data file which stores the
intensity profile measurements. It then calculates the
spatial pulse width and stores these values in a new Ffle.

This word MUST be used prior to the MTF.ANALYSIS word.

Example:

OK CALCULATE.PULSE.SIZE

Name of data file please:TEST19.DAT

Name pulse size file please: PTESTI19.DAT

Did you input the requested parameters correctly (Y/N)?Y
pulse size:27.89

pulse size:28.93

54

The data file where the measured intensity distributions are

stored is in TESTI9.DAT . The new file which will be created

is called PTEST19.DAT, and will contain the pulse size
for each scan. (Note: the ". . ." at the end of the example

simply signify that the program keeps running at this point
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until the pulse size has been calculated for all the scans
in the file TESTI9.DAT.) The format of the new file is one
subfile for each scan, 5 elements in each subfile. The

Pulse size is in the fourth element. The other elements in

the subfile are the same as those in the STATUS array.

CHECK.DATA [ -- ] *
This can be used only inside other words. It is used to
prompt the user to insure that all requested information has

been properly entered.

CREATE.MTF.FILE [ -—= ] *
This word is employed inside the MTF.ANALYSIS routine.
It creates a Filé in which the MTF’s for successive scans

can be stored.

MTF .ANALYSIS [ == ] #**

Calculates the MTF for a series of scans and stores the
MTF’s in the file named by the second prompt.
CALCULATE.PULSE.SIZE must be executed prior to using this

word.

Example:

OK MTF.ANALYSIS
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Name of data file please:TESTI19.DAT
Name of MTF file:MTF19.DAT

OK

The data file is TESTI9.DAT . The new file to be created
will be called MTF19.DAT and will contain the MTF for each
scan in a separate subfile. CAUTION: The number of spatial
frequencies that come out of the calculation is dependent on
the size that the CCD array was dimensioned to. For best
results with this particular word it is recommended that the

array size not go below 128.

3D.MTF.PLOT [ —= ] %*%*

Creates a three-dimensional plot of the MTF. [t prompts
the user for the name of the MTF file, and the number of
scans that the user wants plotted. The MTF.ANALYSIS word

must be used prior to this command.

OK 3D.MTF.PLOT

Enter filename please:MTF19.DAT

Enter number of scans to be in plot:36
Plotter or graphics display (1 or 2):1

OK
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"Notice the filename entered is that created by the
MTF.ANALYSIS word. The number of scans to be plotted is 36.~
The output will be going to a HP7470 plotter. Had a | been
selected, the output would have gone to the screen of the

computer.

GAUSSIAN.PARAMETERS [ —= ] *
Defines the parameters A, B, and C uéed by the word

GAUSSIAN.

CREATE.GAUSSIAN.FILE [ —= ] *
Used internally by the word PEL.FIT.TO.GAUSSIAN only.
Creates a file in which the parameters A, B, and C (see

GAUSSIAN.PARAMETERS) are stored for each individual scan.

SEARCH.FOR.MAX.INTENSITY [ -— ] *

Finds the maximum value of the intensity, and its
corresponding index in the array INTENSITY. The maximum
value is stored in the scalar MAX.INTENSITY, its location in

the array is stored in COUNTER!.

PEL.FIT.TO.GAUSSIAN [ —— ] *#*»
Prompts the user for the name of the data file in which
the intensity measurements are stored. The user is also

asked to supply a name for the file in which the pérameters
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A, B, and C for each scan will be stored. The program then

proceeds to fit each scan in the file to a gaussian curve.
Example:

OK PEL.FIT.TO.GAUSSIAN

Name of data file please:TEST19.DAT
Name of Gaussian file:GTEST19.DAT
Calculating scan:!

Parameters for the scan are:29.90 63.34 .05

Once again the name of the data file TESTI9.DAT is
entered. The file to be created is named GTEST19.DAT. The
structure of this file is such that for every scan, an array
of dimension 3 is written to the file. The first element is
A, then B, and finally C. The values are wriften to the
screen as they are calculated and in the same order.
CAUTION: This program can only be used on data which is
gaussian in nature. Consequently, use on files which have
only a single pel (of the laser printer) for the intensity

profile.

PLOT.PEL.DATA [ —— ] %***

The data file created by the word PEL.FIT.TO.GAUSSIAN is
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first asked for. The user then is asked to chose the
desired plot. WARNING: Make sure the array PEL.POSITION is
dimensioned so that the number of array elements equals the

number of subfiles found in the current file.

Example:

OK PLOT.PEL.DATA

Enter file name please:GTEST19.DAT

Type s 1 - for pei position 2 - for intensity change
3 - for pulse width: |

Plotter or Graphics Display ( 1l or 2 ):2

OK

Notice that the file entered is that created by the
PEL.FIT.TO.GAUSSIAN word. At the second prompt a 1 was
entered so that a plot of pel position verses scan number

would appear on the CRT.
DATA.TABLE [ —= ] ®#*»

Creates a text file from the file which was created by

the PEL.FIT.TO.GAUSSIAN word.
Example:

OK DATA.TABLE
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File name please: GTEST19.DAT
Name Text File:TTESTI19.DAT

OK PRINT TTEST19.DAT

Once again the file created from the EEL.FIT.TO.GAUSSIAN
word is used. A new file is created by the name of
TTESTI9.DAT. This file is then printed out, providing the
gaussian parameters for each scan in tabular form.
CREATE.FIDELITY.FILE [ —— ] *

Used internaly by the word IMAGE.FIDELITY. Makes a file

in which to store the values of the fidelity.

FIDELITY.INTEGRAL [ — ] *

Performs the integral as defined by the fidelity.

IMAGE.FIDELITY [ —— ] %##%»

Prompts the user for the data file, and a name for a new
file which will be created to store the value of the
fidelity for each scan. Proceeds to calculate the image

fidelity.
Example:

OK IMAGE.FIDELITY

Enter data filename please:TESTI19.DAT
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Name image fidelity fidelity file:FID19.DAT
For run 1 phi is .93

For run 2 phi is .94

The new file is named FIDI9.DAT. The scan number and the
value for the fidelity is srored in a two element array for

each succesive scan.

FIDELITY.PLOT [ —— ] ##»
Allows the user to plot the values of the fidelity

calculated by the IMAGE.FIDELITY word.

Example:

OK FIDELITY.PLOT
Enter fidelity filename please: FID19.DAT
Plotter or graphics display (1l or 2 )? 1

OK
The file FIDI9.DAT is now plotted.

PULSE.SIZE.PLOT [ == ] %#%=
Plots the spatial pulse width verses scan number. Be
sure to enter the name of the pulse data file.

CALCULATE.PULSE.SIZE must be executed prior to using this
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command.

SINGLE.MTF.PLOT [ —= ] %%

Plots any given cross-section of the 3D MTF plot; Be
sure to enter the name of the MTF file, not the original
data filename. MTF.ANALYSIS must be used prior to this

command if an MTF file for a set of data does not exist.

THEORETICAL.MTF [ -—- ] *

Calculates the theoretical MTF for the system.

THEO.PLOT [ == ] %=*»
Plots the theoretical MTF and the measured MTF (any one
particular scan) on the same graph for easy visual

comparison.

62
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File: AQUISITION. IBM

ARRAY .SCAN.PARAMETERS [ —— ] **

Prompts the user to specify which 64'element segments of
the CCD should be used. There are sixteen 64 element blocks
numbered from zero to fifteen. The entire array is also

enabled or disabled by the last input.
Example:

OK ARRAY.SCAN.PARAMETERS

Start value:2 End vailue:5 Enable/disable scan( 1/0 ):l

In this particular example blocks 2 through 5
(inclusive) of the CCD array have been "activated". Had a 0
been entered at the last prompt the entire array would have

been "deactivated".

ENABLE.SCAN [ —— ] »*
Enables the CCD array. (At least those Blocks chosen by

the ARRAY.SCAN.PARAMETERS command.)

DISABLE.SCAN [ == ] **

Disables the entire CCD array.
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START.SCAN.BYTE [ —— 1 *

Used internally only by the word SCAN.LENGTH .
Determines the point where the laser printer will be turned
on. This number is written to the laser printer -- P.C.

interface card by the word SCAN.LENGTH .

END.SCAN.BYTE [ —-—= ] *
Used internally only by the word SCAN.LENGTH .
Determines the poinjt where the laser printer will be turned

off.

SCAN.LENGTH [ —= ] **

Prompts the user for the point where the laser should be
turned on, and the final point where the laser will be
turned off. It returns the total length of the scan. There
are 3360 positions in which to turn the beam on in the 14"

‘'scan length.
Example:

OK SCAN.LENGTH

Enter scan starting point (max - 3360): 1650
Enter scan end point (max - 3360):1660

The total length of the scan is: 11

OK
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ACTUATOR.PARAMETERS [ —=- ] **
Allows the user to define the step size and the velocity

of any of the actuators connected to the Newport Controller.

Example:

OK ACTUATOR.PARAMETERS
Step size: Si.l
Velocity: V1.0l

OK

The velocity and step size of the actuator in port one

have now been set.

MOVE.ACTUATOR.ONE [ —— ] **
Steps actuator in port one a distance predetermined by

the ACTUATOR.PARAMETERS word.

MOVE.ACTUATOR.TWO [ == ] **
Steps actuator in port two a distance predetermined by

the ACTUATOR.PARAMETERS word.

OUT [ command scalars —— ] **
This command transfers data byte(s) to 8901A then sends

the unlisten, untalk commands. Note: The bytes are written
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in reverse order to the 8901A, and all series of bytes must

be terminated by a -1.. For example, to the start the

transient recorder digitizing it takes the commads 9 0 16.

Using the OUT word this would be written,

OK -1 6 0 9 OUT (carriage return)

EXECUTE.CAMAC [ == ] **
Tells the 8901A to execute the CAMAC cycle previously

loaded by using the OUT command.

START.SAMPLING [ -— ] **

Starts the TR8818 digitizing.

BLOCK.READ [ == ] **
Reads the data stored by the TR8818 into the buffer
array DATA. Note that all this data is packed into 16 bit

words.

DIGITIZER.WINDOW.OFFSET [ —— ] **»

Sets the the window over which digitizing takes place.
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Examplie:

OK DIGITIZER.WINDOW.OFFSET
Amount of offset:255

OK

Writting an offset of 255 allows signals between 0 and
‘+511mV to be digitized. This is stored in the Lecroy’s
memory (even when turned off) so it need only be performed

once, unless a new digitizing window is needed.

CAMAC.Z [ —= ] **
Sends the CAMAC z command which results in clearing the

8901A. The memory in the TR8818 is not disturbed.

STOP.SAMPLING [ —— ] **

Stops the transient recorder from digitizing.

ACQUISITION.PARAMETERS [ -- ] *
Used internally by DATA.ACQUISITION.AND.STORAGE only.

Determines the file size and name for a particular run.

CREATE.DATA.FILE [ =-- ] *
Used internally by DATA.ACQUISITION.AND.STORAGE only.

Creates a file in which the intensity profiles from the CCD
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array will be stored.

SELECT.SCAN [ == 1 *
Used internally by DAT.ACQUISITION.AND STORAGE only.

Unpacks the data received from the TR8818.

DATA.ACQUISITION.AND.STORAGE [ —=— ] %u»
Acquires the data, unpacks, and writes the individual

scans to a file named by the user.

Example:

OK DATA.ACQUISITION.AND.STORAGE

Run number :345

Amount of data per run:8192

Enter array size:256

~Enter amount of defocus:0

Name of file: TEST19.DAT

Enter scan starting point (max - 3360):1650
Enter scan end point (max - 3360):1660

The total length of the scan is:ll

Scan number:1i
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WEIGHT.FUNCTION [ —-= ] *

Used internally by ARRAY.CHARACTERIZATION only. Sorts
the intensity values from smallest to largest. Counts the
number of like intensity readings which are stored in the

array WEIGHT.

AVERAGE . INTENSITY [ ==~ ] *
Computes the average intensity and the standard

deviation.

INTENSITY.ADJUST [ -— ] *
Throws out all values of the intensity for which the
intensity-average difference is greater than the standard

deviation.
MEAN. INTENSITY.CALCULATION [ —-— ] *

An iterative loop which calculates average intensity,

until the standard deviation is constant.

ARRAY .CHARACTERIZATION [ —— ] %#*»

Prompts the user for the name of a file containing the

characterization data, and the filename of the data to be
corrected. The corrected waveforms are stored in the

original data file.

69
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Example:

OK ARRAY.CHARACTERIZATION
Enter filename of characterization data please: CTESTI19.DAT
Enter data filename please: TEST19.DAT

OK

Both CTEST19.DAT and TESTI9.DAT are files created when
the DATA.ACQUISITION.AND.STORAGE command were used. However,
in CTEST19.DAT the scan was unmodulated. This file is used
to calculate the gain coefficients. The gain is then divided
out of each scan in TEST19.DAT and the corrected scan

rewritten to this file.
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INTEGER SCALAR COUNTER1
INTEGER SCALAR PLOTTER.OR.GRAPHICS
INTEGER SCALAR ORIGIN )

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL.

SCALAR ARRAY.SIZE 256 ARRAY.SIZE :=
SCALAR PULSE.SIZE
SCALAR A

SCALAR k

SCALAR C

SCALAR Al

SCALAR Bl

SCALAR C1

SCALAR A2

SCALAR E2

SCALAR C2

SCALAR MAX.INTENSITY

SCALAR WINDOW.FIT 10 WINDQW.FIT

SCALAR HALF.INTENSITY
SCALAR P1

SCALAR P2

SCALAR MAX.IDEAL.INTENSITY
63. MAX.IDEAL.INTENSITY :=

DIMC

DIMC

DIMC
DImC
DIMC
DIMC
DIMC
DIMC
DImML

2 1 ARRAY PHI

S 1 ARRAY STATUS

3 1 ARRAY PARAMETERS

ARFAY .SIZE 1 ARRAY DIFF.INTENSITY
WINDOW.FIT 1 ARRAY FITTED.INTENSITY
WINDOW.FIT 1 ARRAY X.DISTANCE
ARRAY.SIZE 2 / 1 + 1 ARRAY WAVENUMEER
ARRAY.SIZE 2 /7 1 + 3 ARRAY CUM.MTF
127 1 ARRAY PEL .POSITION

DFP.REAL DIML ARRAY.SIZE 2 / 1 + 1 ARRAY MTF

DF .REAL DIML ARRAY.SIZE 1 ARRAY GAUSS

DP.REAL DIM{ ARRAY.SIZE 1 ARRAY INTENSITY
DF.REAL DIML ARRAY.SIZE 1 ARRAY IDEAL.INTENSITY

DF.COMFLEX DIMC ARRAY.SIZE 2
DF . COMPLEX
DF.COMFLEX DIML ARRAY.SIZE 2

20 STRING
20 STRING

RAD

: GRUSSIAN

/ 1 + 3 ARRAY FFT.INTENSITY
DIML ARRAY.SIZE 2 /7 1 + ) ARRAY FFT.IDEAL.INTENSITY
/ 1 + 1 ARRAY OTF

"FILENAMEL
"FILENAME2

A = DUF = C * -1.0 =

EXF
E *

ASYST

Fage

Versionm 1.5

1

cianalysis.ibm 01/06/,80 a1:04
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H

: CHECK.DATA

CR ." Did you input the reguested parameters correctly

WINPUT " Y" "=

: FFT.OF .MEASURED. INTENSITY
DP .REAL .FFT
INTENSITY FFT

SuBf 1 , STATUS L 2 1 2/ 1 + 1
FFT.INTENSITY :=

H

¢ FFT.OF.IDEAL.INTENSITY
Q. IDEAL.INTENSITY :=
MAX.IDEAL . INTENSITY IDEAL.INTENSITY SURL

IDEAL . INTENSITY FFT
SUBL 1 + STRATUS (R 1 2 / 1 + 1

FFT.IDEAL.INTENSITY :=

: MTF.CALCULATION
STATUS [ 2 1 STATUS [ & 1 / DUF 1 MODULD
20 COUNTER1
IF 20 COUNTER1 := THEN
COUNTERY O DO
FFT.IDEAL.INTENSITY [ I 1 + 1 ZMAG O. <
IF FFT.INTENSITY [ I 1 + 1]
FFT.IDEAL.INTENSITY € I 1 + 1 /
OTF L I 1 + 1 :=

ELSE O OTF [ I 1 + ] :=
THEN

LOOF
OTF ZMAG DUF L 1 1 /
MTF + MTF 1=

ASYET Version 1.5

S s STATUS [ 4 1 3 :=

- COUNTER1 :=

Fage 2 cianalysis.ibm 01/064/80 01:04

(y/ny 7"
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H
: RETRIEVE.DATA
"FILENAME1l DEFER: FILE.OPEN

1 SUEFILE

INTENSITY FILE»ARRAY
FILE.CONTENTS SUEBFILE
STATUS FILE>ARRAY

"FILENAME1 DEFER: FILE.CLOSE

: PULSE.ONE
O COUNTER1 :=

BEGIN

COUNTER1 1 + COUNTER1 :=
INTENSITY [ COUNTER1 1 O <
UNTIL '

COUNTEFR L ORIGIN :=

BEGIN

COUNTER1 1 + COUNTER1 :=

INTENSITY [ COUNTER1 1 INTENSITY [ COUNTER1 1 + 1 &=
UNTIL

INTENSITY SUEBL ORIGIN . COUNTER1 ORIGIN - 1 + 1

" CREATE.COPY SUE.INTENSITY.ONE" "EXEC

" REAL DIMC{ COUNTERI ORIGIN - 1 + ] ARRAY X.1" "EXEC
* ORIGIN COUNTER1 X.! C[IFILL" "EXEC

" X.1 SUB.INTENSITY.ONE & LEASTSQ.FOLY.FIT" "EXEC
DuF DUP
L1 1AL
L 21E
£c31¢Ct

B

: PULSE.TWO

ARRAY.SIZE 1 + COUNTER1

BEGIN

COUNTER1 1t -~ COUNTER1 :=
INTENSITY © COQUNTER1 1 ¢ <%
UNTIL

COUNTER1 ORIGIN :=

ASYST Versionm 1.5
Page 3 cianalysis.ibm 01/06/80 01:08
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BEGIN

COUNTER1 1 - COUNTER1 3= :

INTENSITY [ COUNTER1 1 - ] INTENSITY [ COUNTERT 1 <=
UNTIL

INTENSITY SUERL COUNTER1 1 + , ORIGIN COUNTER1 - 3
* CREATE.COPY SUB.INTENSITY.TWO" "EXEC

" REAL DIMI ORIGIN COUNTER1 - 1 ARRAY X.2" "EXEC
* COUNTER! 1 + ORIGIN X.2 CIFILL" "EXEC

" X.2 SUB.INTENSITY.TWO 4 LEASTS@.POLY.FIT" "EXEC
DUP DUF
C11A2:
teisa:
C31cCa:
H

L}

: INFLECTION.FOINT.ONE

Bl DUP * 9. # 24. Al *# Cl % ~ .5 #»

-3. Bl # +
18. 7/ AL 7/
FL =

s INFLECTION.FOINT.TWO

B2 DUP *# 9. # 24. A2 # C2 % - .5 #+

-3. B2 * +
12. /7 A2 /
F2 :=

3

: CREATE.FULSE.FILE
FILE.TEMFLATE

REAL DIML S ] SUBFILE

STATUS [ 3 1 STATUS £ 2 1 7/ 1 - TIMES
END

"FILENAME2 DEFER: FILE.CREATE

: CALCULATE.FULSE.SIZE

BEGIN

ASYST Version 1.5
Page & c:analysis.ibm G1/04/80 01:05
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CR ." Name cof data file please:" "INPUT "FILENAME! ":=

CR ." Name pulse size file please:" "INPUT "FILENAME2 ":=
CHECK .DATA .

UNTIL

RETRIEVE.DATA
CREATE.FULSE.FILE

STATUS [ 3 1 STATUS L 2 3 7t - O DO

"FILENAME1 DEFER:> FILE.OPEN
I 1 + SUBFILE

INTENSITY FILE>ARRAY
FILE.CLOSE

PULSE.ONE
PULSE.TWO
INFLECTION.POINT.ONE
INFLECTION.POINT.TWO

PR P1 - STATUS [ 4 1 :=

I1+1=

IF "FILENAME1 DEFER:> FILE.OFEN
FILE.CONTENTS SUEBFILE
STATUS ARRAY>FILE
FILE.CLOSE

THEN

"FILENAMEEZ DEFER> FILE.OPEN
I 1 + SUBFILE

STATUS ARRAY:FILE

FILE.CLOSE

CR ." Pulse size:"” STATUS [ &4 1 .
" FORGET SUE.INTENSITY.OMNE" "EXEC
STACE .CLEAR

LOOF

’

: CRERTE.MTF.FILE

FILE.TEMFLATE
REAL DIML STATUS [ & 1 2 / 1 + 1 SUEFILE
STATUS [ 3 1 STATUS L 2 1 /7 1 -
TIMES

END

"FILENAMER2 DEFER» FILE.CREATE

ASYST Version 1.5

LA

Fage S c:analysis.ibm 01/06/80 G109
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H
t MTF.ANALYSIS

BEGIN
CR ." Name of Data file please: " "INPUT
"FILENAMEL ":=

CR ." Name of MTF file: " “INPUT
"FILENAME2 ":=

CHECK.DATA

UNTIL

RETRIEVE.DATA
FFT.0F . IDEAL . INTENSITY

CREATE.MTF.FILE
STATUS [ 3 1 STATUS C @ 1 /7 1 - O DO
O MTF := O OTF :=

“FILENAME! DEFER:* FILE.OFEN

I 1 + SUBFILE

INTENSITY FILE:ARRAY

FILE.CLOSE

FFT.OF .MEASURED. INTENSITY
MTF.CALCULATION

"FILENAMEZ DEFER> FILE.QPEN
I 1 + SURFILE

MTF ARRAY:FILE

FILE.CLOSE

LOOF

i

s 3D.MTF.FLOT

BEGIN

CR ." Enter filename please:" "INFUT "FILENAMELl ":=

CR ." Enter number cof scans to be in plot:" #INFUT F1 :=
CR ." Flotter or Graphics Display ( 1 or 2 ):" #INFUT

FLOTTER.OR.GRAFHICS :=
CHECK .DATA
UNTIL

"FILENAME1 DEFER:> FILE.CFEN
1 SUBFILE

MTF FILE:A&RRAY

O COUNTEFR1 :=

ASYST Versicocn 1.5 »
Fage & c:analysis.ibm 01/04/80 01:086
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BEGIN

COUNTER1 1 + COUNTER1 1=
MTF C COUNTER1 1 © =
UNTIL

MTF SUBL 1 , COUNTERY 1 - ]
F1 1 DO

I 1 + SUBFILE
MTF FILE>ARRAY .

MTF SUBL 1 s COUNTERLI 1 - 1 LAMINATE

LOOP

TRANSL & , 2 1 REVL 1 1
DUF

PLOTTER.OR.GRAFHICS 1 =
IF HP7470

ELSE GRAPHICS.DISPLAY THEN

VERTICAL AXIS.OFF
NO.LABELS
AXON.FLOT

L0170 1.285 # 0644 1.25 * CHAR.SIZE

NORMAL . COORDS

.3 .8 FOSITION

* MTF vs. Scan # and S. Freguency"”
<4 .05 FOSITION

" Scan Number® LAEBEL

270 LABEL.DIK

.95 .6 FOSITION

" MTF* LABEL

FILE.CLOSE
AXIS.DEFAULTS

’

: FARAMETERS.FOR.GAUSSIAN

MAX . INTENSITY B :=
COUNTER: 1. - A @
.0338 C :=

El

: CREATE.GAUSSIAN.FILE

FILE.TEMPLATE
REAL DIML 3 1 SUBFILE
STATUS [ 3 1 STATUS C 2 3 / 1 ~
TIMES

ASYST Versicn 1.5
Fage 7 c:analysis.ibm 01/704/80

LABEL

01:06
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END

"FILENAME2 DEFER:> FILE.CREATE

H

: SEARCH.FOR.MAX.INTENSITY

1 COUNTER1 :=

BEGIN

INTENSITY { COUNTER! 1 MAX.INTENSITY >=

IF INTENSITY { COUNTER1 1 MAX.INTENSITY :=
THEN

INTENSITY [ COUNTER1 1 MAX.INTENSITY <
COUNTER: 1 + COUNTERL :=

UNTIL

COUNTER! 1 - COUNTER1 :=
H

s FPEL.FIT.TO.GAUSSIAN

BEGIN

CR ." Name of data file please:"” "INPUT "FILENAMEL ":=

CR ." Name of Gaussian file:” "INPUT “FILENAMER
CHECK .DATA
UNTIL

RETRIEVE.DATA
CREATE.GAUSSIAM.FILE

STARTUS [ 3 31 STATUS [ 2 1 /7 1 - O DO
CR ." Ealculatirng scan:" I 1 + .

"FILENAME! DEFER:> FILE.QFEN
I { + SUBFILE

INTENSITY FILE:ARRAY
FILE.CLOSE

O MAX.INTENSITY :=
SEARCH.FOR.MAX . INTENSITY
FARAMETERE . FOR . GAUSSTAN

INTENSITY SUBT{ COUNTER1 WINDOW.FIT 2 / 1 - -
FITTED.INTENSITY :=

ASYST Version 1.5
Fage 8 c:arnalysis.ibm 01/04/80 0D1:06

WINDOW.FIT

4
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COUNTER! WINDOW.FIT 2 / 1 - = COUNTER1 WINDOW.FIT 2 / + X.DISTANCE

GAUSS-NEWTON.FIT
CURVE.FIT{ X.DISTANCE , FITTED.INTENSITY ; GAUSSIAN 3 A , B , C 1

PARAMETERS 9C 1 ] ENTERC A + B , C 1

CR ." Farameters for the scan are:" A . E . C .
"FILENAME2 DEFER: FILE.OPEN

1 1 + SUEFILE

PARAMETERS ARRAYXFILE

"FILENAMEZ DEFER> FILE.CLOSE

STACK .CLEAR

L.OOF

B

: FLOT.FEL.DATA

BEGIN

CR .” Enter file name please:" "INPUT "FILENAMELl ":=

CR ." Type : 1 - for pell position 2 - for intensity change "
CR .” 3 = for pulse width " #INFUT A :=

CR ." Plotter or Graphics Display ( 1 or 2 )" #INFUT

PLOTTER.OR.GRAFHICS :=
CHECK .DATA
UNTIL

"FILENAME! DEFER> FILE.CFEN
FILE.CONTENTS © DQ

I 1 + SUEBFILE
PARAMETERS FILE:>ARRAY

FEL.FOSITION 2 I 1 + ] ENTER[I PARAMETERS [ A 1 3]
STACK .CLEAF

LOOP

FLOTTER.OR.GRAPHICS 1 =
IF HP7470
ELSE GRAPHICS.DISFLAY THEN

FILE.CLOSE
VERTICAL GRID.OFF
HORIZONTAL GRID.OFF

ASYST Versiocn 1.5
Fage @ c:analysis.ibm QL1/04/80 01:086

CIFILL
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IF PEL.POSITION Y.AUTO.PLOT
L0170 1.3 % 0644 1.3 # CHAR.SIZE
NORMAL . COORDS
.3 .974 FOSITION
" Centroid Fosition vs. Scan " LABEL
.4 .05 POSITION
" Scan number" LABEL
270 LAREL.DIR
.025 .8 POSITION
" Photoelement #" LABEL
.15 .15 POSITION

THEN
A2, =

IF PEL.FOSITION Y.AUTO.FLOT
L0170 1.3 % ,0644 1.3 # CHAR.SIZE
NORMAL . COORDS
.3 .974 POSITION
" Max Intensity vs. Scan " LAEEL
.4  L.0S POSITION
" Scan number" LABEL
270 LABEL.DIFR
.0285 .8 FOSITION
“ Intensity" LABEL
.15 .15 POSITION

THEN
A 3. =

IF .S LN -1.0 * PEL.FPOSITION /
.S %% 2.0 * PEL.POSITION :=
FEL.FOSITION Y.AUTO.FLOT
L0170 1.3 % 0644 1,3 # CHAR.SIZE
NORMAL . COORDS
3 .974 POSITION
" Pulse Width vs. Scan " LABEL
.4 .05 POSITION
" Scan number' LAREL
270 LABEL.DIR
025 .8 FOSITION
" Pulse Width" LABEL
.15 .15 FOSITION

THEN

3

: DATA.TAELE

BEGIN

CR ."” File name please:” "INFUT "FILENAMEL ":=

ASYST Versiocn 1.5
Fage 10 c:analysis.ibm O1/706/80 01:07
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CR .” Name text file:" "INFPUT "FILENAMEZ ":=

CHECEK .DATA
UNTIL

"FILENAME2 DEFER> OUT:FILE
"FILENAME! DEFER:» FILE.OFEN
CONSOLE .OFF ’

Max Intensity

(

Waist Size”
in microns

)y

CR CR

." Data from:" "FILENAMEL "TYFE

CR .

" Scan # Pesition of Centroid
oM ( in pells )

CR

0 A :=

FILE.CONTENTS © DO

I 1 + SUEFILE
PARAMETERS FILEX»ARRAY

4 1 FIX.FORMAT ." "I 1+
9 S FIX.FORMAT ." " PARAMETERS ( 1 3]

. " " FPARAMETERS [ 2 2 .

"
«3 LN -1.0 % PARAMETERS [ 3 1 /
L5 owx 2.0 % 13, *

CR

FEL.POSITION ®[ I 1 + ] ENTER[ FARAMETERS [ 1 3 1

STACHE .CLEAR

LOOF

CR ."” Mean Centrocid Fosition:" FEL.POSITION MEAN .
CR ." Standard deviation:" FEL.FOSITION VARIANCE .S

"FILENAME1 DEFER:» FILE.CLOSE
OUT:>FILE.CLOSE

: CREARTE.FIDELITY.FILE

FILE.TEMPLATE

REAL DIML 2 ] SUBFILE

STATUS [ 2 1 STATUS C 2 3 7/ 1 -
TIMES
END

"FILENAMEE DEFER:» FILE.CREATE

ASYST Versiocn 1.5
Fage 11} C:analysis.ibm 01/04,80

01307

CR
Cr
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we

: FIDELITY.INTEGRAL
INTENSITY IDEAL.INTENSITY - DUP %
INTEGRATE.DATA [ STATUS € 2 1 3

INTENSITY SORT 1 ROTATE [ 1
F2 P1 - # / 1. SWAF - PHI

-
n o

COUNTERL PHI [ 1 1 :=
: IMAGE.FIDELITY

BEGIN :

CR ." Enter data file name please:" "INFUT
"FILENAMEL "= ’

CR ." Name image fidelity file:" "INFUT
"FILENAMER “:=

CHECK.DATA

UNTIL

RETRIEVE.DATA
CREATE.FIDELITY.FILE
O COUNTER1 :=

O IDEAL.INTENSITY :=

"FILENAME1 DEFER: FILE.OPEN
COUNTER! 1 + SUBFILE
INTENSITY FILEXARRAY
FILE.CLOSE

INTENSITY DIFFERENTIATE.DATA DIFF.,INTENSITY :=
DIFF.INTENSITY LOCAL.MAXIMA
SWAF Z RAMF CATENATE (1 1 Pl :=

DIFF.INTENSITY LOCAL.MINIMA
SWAP & RAMF CATENATE 3 ROTATE [ 1 1 F2 :=

1. IDEAL.INTENSITY SUBL F1 , F2 F1 - 1 + 1 :=
INTENSITY SORT 1 ROTATE [ 1 ] IDEAL.INTENSITY *
IDEAL . INTENSITY :=

STATUS [ 3 1 STATUS L 2 ) /7 1t - O DO

COUNTER1 1 + COUNTER1 :=

"FILENAME1 DEFER: FILE.OFEN

COUNTER1 SUEFILE .

ASYST Versien 1.5
Fage 12 cianalysis.ibm 01/704/80 01307
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INTENSITY FILE»ARRAY
FILE.CLOSE
FIDELITY.INTEGRAL

CR .” For run” FHI [ 1 1 . .” Fhi is:" PHI [ 2 1 .

"FILENAMEZ2 DEFER: FILE.COFEN
COUNTER1 SUEFILE

PHI ARRAY:FILE

FILE.CLOSE

STACK ,CLEAR
LOOF

s

: FIDELITY.FLOT

BEGIN
CR ." Enter fidelity filename please:” "INFUT "FILENAMEL ":=
CR ." Plotter cor Graphics Display ( ! er 2 )" #INFUT

PLOTTER.OR.GRAPHICS :=
CHECK..DATA
UNTIL

"FILENAME! DEFER: FILE.OFEN
FILE.CONTENTS P11 := '
* REAL DIML F1 1 ARRAY FIDELITY" “"EXEC

F1 O DO

STACK.CLEAR

I 1 + SUBFILE

PHI FILE»ARRAY

" FIDELITY &L I 1t + 1 ENTERI FPHI [ 2 1 1" “"EXEC
LOOF

FLOTTER.OR.GRAFHICS 1 =

IF HF7470
 ELSE GRAFHICS.DISFLAY THEN

VERTICAL GRID.OQFF
HORIZONTAL GRID.OFF

" FIDELITY Y.AUTQ.PLOT" "EXEC
L0170 1.3 % 086446 1.3 * CHAR.SIZE

NORMAL . COORDS

<3 .974 FOSITION

" Fidelity vs. Scan” LABEL

<4 .05 FOSITION

* Scan Number" LABEL

270 LAREL.DIR

L0285 .8 FOSITION

" Fidelity" LABEL

.15 1S FOSITION

ASYST Version 1.5
Fage 13 c:analysis.ibm 01/06/80 01:08
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FILE.CLOSE

3

¢ PULSE.SIZE.PLOT

BEGIN

CR ." Enter data file name:" "INPUT “FILENAME1 ":=

CR ." Plotter or Graphics Display ( 1 or 2 ):" #INPUT
PLOTTER.OR.GRAFHICS :=

CHECK. .DATA

UNTIL

"FILENAME1 DEFER» FILE.OFEN
FILE.CONTENTS P1 :=

" REAL DIMLD Fi 1 ARRAY PULSES" "EXEC

P1 O DO

STACK.CLEAR

I 1 +« SUEBFILE

STATUS FILE>ARRAY

" PULSES @[ I & + ] ENTERL STATUS € 4 3 1 " "EXEC
LOOF

FILE.CLOSE

PLOTTER.QOR.GRAFPHICS | =
IF HF7470
ELSE GRAFHICS.DISFLAY THEN

VERTICAL GRID.OFF
HORIZONTAL GRID.OFF

" PULSES Y.AUTO.PLOT" "EXEC
20170 1.3 # 0644 1.3 * CHAR.SIZE

NORMAL . COORDE

.3 .974 POSITION

" Pulse Size vs. Scan" LABEL

«4 0SS POSITION

" Scan Number" LAEEL

@70 LAEEL.DIR

.02% ,8 FOSITION

" Pulse Size" LABEL

.15 .19 POSITION

§

: SINGLE.MTF.FLOT

BEGIN

CR ."” Name of MTF file please : " "INFUT "FILENAMEL ":=
CR ." Scan Number : " #INFUT F1l :=

CR ." Flotter or Graphics Display ( 1 ov 2 ):" #INFUT

FLOTTER.OR.GRAFHICS :=

ASYST Version 1.5
Fage 14 ci:analysis.ibm 01704780 01:08
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CHECK .DATA
UNTIL

"FILENAME1 DEFER> FILE.OPEN
P1 SUBFILE

MTF FILE:XARRAY

FILE.CLOSE

O COUNTER1 :=

BEGIN

COUNTER1 1 + COUNTER1 :=
MTF [ COUNTERL J O =
UNTIL

FLOTTER.OR.GRAFHICS 1 =
IF HP7470
ELSE GRAFHICS.DISFLAY THEN

VERTICAL GRID.OFF

HORIZONTAL GRID.OFF

" REAL DIML COUNTER1 1 - 1 ARRAY X.AXIS" "EXEC

O COUNTER1 2. = .013 / ARRAY.SIZE /7 " X.AXIS [IFILL" "EXEC
" X.AXIS MTF SUBCL 1 . COUNTERL 1 - 1 XY.AUTO.PLOT" "EXEC
LQ170 1.2 ® 0644 1,3 +# CHAR.SIZE

NORMAL . COORDS

.3 .974 POSITION

" Mecdulation Transfer Function® LABEL

<4 ,05 FOSITION

" Cycles per mm" LABEL

270 LABEL.DIK

.0285 .8 POSITION

" MTF" LAREL

.15 .15 POSITION

" FORGET X.AXIS" "EXEC

.
.

: THEORETICAL .MTF

STRTUS L 2 1 2. /7 A
MAX. IDEAL . INTENSITY
.0338 C :=

0. MTF :=

0. INTENSITY :=

FFT.OF . IDEAL . INTENSITY

1. STATUS [ 2 ] GAUSS [IFILL

GAUSE GAUSSIAN IDEAL . INTENSITY

CONV.AFER SUEL 1 , STATUS [ 2 1 1

INTENSITY :=

INTENSITY SORT [ STATUS [ 2 3 1 INTERNSITY SWAF /

ASYBT Version 1.5
Fage 1S c:anslysis.ibm 0D1/704/80 01:08
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MAX.IDEAL . INTENSITY # INTENSITY :=

FFT.0F .MEASURED. INTENSITY
MTF .CALCULATION

H
: THED.FLOT

EEGIN

CR ." Enter data filename please:" "INFUT "FILENAMEL "
CR ." Enter MTF filename please:"” "INFUT "FILENAME2 ":
CR ." Enter scan number:" #INFUT F1 :=

CR ." Plotter or Braphics Display ( 1 or 2 ):" #INFUT
FLOTTER.OR.GRAFHICS :=

CHECK..DATA

UNTIL

"FILENAMEL DEFER: FILE.OFEN
FILE.CONTENTS 2 /7 1 + SUBFILE
STATUS FILE:»ARRAY

FILE.CLOSE

THEORETICAL .MTF

¢ COUNTER! :=

BEGIN

COUNTER1 1 + COUNTER1 :

MTF C COUNTERLI 1 O =
UNTIL

PLOTTER.OR.GRAFHICE | =
IF HP7470
ELSE GRAFHICS.DISFLAY THEN

VERTICAL GRID.OFF

HORIZONTAL GRID.QFF

" REAL DIML COUNTER1 1 - 1 ARRAY X.AXIS" "EXEC

O COUMTER1 2. - .013 / ARRAY.SIZE / " X.AXIS CJIFILL"

"FILENAME2 DEFER: FILE.QOPEN
F1 SUBFILE

MTF FILE:ARRAY

FILE.CLOSE

L0 L0055 01 L0005 DASHED

" X.AXIS MTF SUBLC 1 + COUNTER1 1 - 1 XY.DATA.PLOT" "EXEC

L0170 1.3 % 0644 1.3 » CHAR.SIZE
NORMAL .COORDS
.3 .976 FOSITION
" Real and Theciretical MTF" LABEL

ASYST Version 1.3
Fage 16 c:avialysis.ibm Q1/04/80 01:09

"EXEC
" X.AX1S MTF SUERC 1 ,» COUNTER1 1 - 1 XY.AUTO.FLOT" “"EXEC
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8255.FORT \ This section of the program initializes
the Metrabyte and DataTranslation cards.

b

4 DIGITAL.TEMPLATE OUT.A \ For the Metrabyte card : Forts A and
S DIGITAL.TEMFLATE OUT.B \ B are write only poerts. Port A is defined
\ as OUT.A , while Port B is defined as OUT.E
OUT.A DIGITAL.INIT \ Fits 0-3 of Fort C is & write port known as
QUT.B DIGITAL.INIT \ OUT.C . Bits 4-7 of Port C is & read port
\ known as READ.C
I0.PORT
O DIGITAL.TEMFLATE READ.C
4 DIGITAL.TEMFLATE OUT.C
READ.C DIGITAL.INIT
OUT.C DIGITAL.INIT
nDTasoo \ For the DataTranslation card : Fort 1
\ is a write only port known as OUT.1
4 DIGITAL.TEMPLATE OUT.O \ Port O is alsc a write only port
OUT.O0 DIGITAL.INIT \ dencted by OUT.Q
S DIGITAL.TEMFLATE OUT.1
OUT.1 DIGITAL.INIT
20 STRING "DATA.IN \ Define all pertinent variables

20 STRING "DATA.OUT
20 STRING “FILENAMEL
20 STRING "FILENAMEZ2

INTEGER SCALAR ARRAY.START

INTEGER SCALAR ARRAY.END

INTEGER SCALAR SCAN

INTEGER SCALAR EYTE! 112 BYTEl := \ Hytel is initialized at 112 sc that
INTEGER SCALAR BYTE2 O RYTEZ2 := \ the TR8818 default parameter is :
INTEGER SCALAR VOLTAGE.QOFFSET \ 0/8 of memcry pre-trigger. external
INTEBER SCALAR BUFFER \ cleck. ’

INTEGER SCALAR A 8200 BUFFER :=

INTEGER SCALAR E

INTEGER SCALAR ARRAY.SIZE 64 ARRAY.SIZE :=

INTEGER SCALAR START.SCAN

INTEGER SCALAR END.SCAN

INTEGER SCALAR BYTE3

INTEBEFR SCALAR BYTE4

INTEGER SCALAR COUNTER1

INTEGER SCALAR ORIGIN

INTEGEFR SCALAR LSH

INTEGER DIML S 1 ARRAY STATUS

REAL SCALAR AVERAGE

REAL SCALAR S.DEV

REAL SCALAR OLD.S.DEV 40 OLD.S.DEV :=
REAL SCALAR FILE.LENGTH

ASYST Version 1.5
Faae 1 c:acouire.ibm 021 /04/80 02300
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REAL DIML ARRAY.SIZE 1 ARRAY INTENSITY
REAL DIML ARRAY.SIZE ] ARRAY WEIGHT

REAL DIML ARRAY.SIZE ] ARRAY 1.VALUE
REAL DIML ARRAY.SIZE 1 ARRAY ADJUST

REAL DIML ARRAY.SIZE 1 ARRAY S.INTENSITY
REAL DIML ARRAY.SIZE ] ARRAY GAIN

SEND. INTERFACE .CLEAR
REMOTE .ENAEBLE .ON

1 GFPIB.DEVICE 8%901A
2 GFIE.DEVICE LINEAR.ACTUATOR
13 EOS.CHARACTER

EOS.ON
INTEGER DIML BUFFER ] ARRAY DATA \ Sets default buffer size of 8F01A
8901A DATA [1GFIB.BUFFER \ to BUFFER 16 bit.

: CHECK .DATA R
CR .” Did you input the requested parameters correctly (Y/N)?"
WINFUT " Y" "=

: ARRAY.SCAN.FPARAMETERS \ Used tc enable array. Alsc

\ determines number of bloccks of
CFk \ the array which will be digitized
BEGIN .

" Btart value:" #INFUT ARRAY.START 3=

<" End value:" #INPUT ARRAY.END :=

." Enable/disable scan(¢ 1 / O ) " #INFUT SCAN :=
CHECK.DATA

UNTIL

QUT.&
ARRAY.START 16 * ARRAY.END + DIGITAL.OUT

cuT.C
SCAN DIGITAL.OUT

: ENABLE.SCAN \ This command enables the array clock.
QUT.C t DIGITAL.OQUT
: DISAELE.SCAN \ This command disables the array cleack
oUT.C © DIGITAL.OUT

H

ASYET Version 1.5
Fage 2 ciacquire.ibm O1/Ga/80 OR300
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: START.SCAN.EYTE

START.SCAN 2048 - DUF @ »=

IF START.SCAN := B8 BYTE3 := THEN
START.SCAN 1024 - DUP O >=

IF START.SCAN := PRYTE3 4 + BYTE3 := THEN
START.SCAN S12 - DUP 0 >=

IF START.SCAN := RYTE3 2 + BYTE3 := THEN
START.SCAN 256 - DUF O >=

IF BYTE4 := BYTE3 1| + BYTE3 :=

ELSE START.SCAN BYTE4 := THEN

BYTE3 16 + BYTE3 :=

H
: END.SCAN.BYTE

END.SCAN 2048 - DUF 0 &=

IF END.SCAN := 8 EBYTEZ :1= THEN
END.SCAN 1024 - DUP O >=

IF END.SCAN := BYTE3 4 + BYTE3 := THEN
END.SCAN S12 - DUP O &=

IF END.SCAN := BYTE3 & + BYTE3 := THEN

END.SCAN 256 - DUFP O =

IF BYTE4 := BYTE3 1 + BYTE3 :=

ELSE END.SCAN EBYTE4 := THEN

: SCAN.LENGTH

CR ." Enter scan starting point ( max - 3360 ):"
#INPUT START.SCAN :=

CR ." Enter scan end point ( max - 3360 )"

#INFUT END.SCAN :=

END.SCAN START.SCAN - 1. + STATUS [ 4 ] :=
CR ." The tctal length of the scan is:" STATUS (
O BYTE3 := O BYTE4 :=

START.SCAN.BYTE

ouT.O

BYTEZ DIGITAL.OUT

OouT.1

BYTE4 DIGITAL.OUT

ouT.O

BYTE3 16 - DIGITAL.OUT

Q BYTE3 := O BYTE4 :=

END.SCAN.BYTE

ASYST version 1.5
Fage 3 c:acquire.ibm 01/064/80 02:01
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ouT.O
BYTE3 DIGITAL.OUT
QuT.1
EYTE4 DIGITAL.OUT

H

s ACTUATOR.FPARAMETERS \ Allaws one to define the step size and the
\ velocity of any of the actuators connected

LINEAR.ACTUATOR \ to the Newport Controller.

CK

"INFUT GPIB.WRITE

." Step size:” 2
"INFUT GFIB.WRITE

" Velocitys!

.

: MOVE.ACTUATOR.ONE \ Steps actuator in port one a distance
\ predetermined by the actuatcr.parameters
LINEAR.ACTUATOR \ word.

* 11" GFIB.WRITE

: MOVE.ACTUATOR.TWO \ Ferforms the same function as above
\ except the controller in port twoe is
LINEAR.ACTUATOR \ incremented.

" 12" GFRIB.WRITE

: QUT \ This marks the beginning of wcrds
\ defined tc cperate the LeCroy system.
ME TALKER 8901A LISTENER

EBEGIN

DUF O < 7DUP

IF '

ELSE ASCII" TALK \ The OUTY command transfers data byte(s)

THEN \ to B8901A then sends the unlisten

UNTIL \ untalk commands.

UNTALK UNLISTEN

DROF

: EXECUTE.CAMAC N Tells the 8901A to execute camac cycle
\ previcusly leuaded by using the 0OUT

8901A TALKER UNTALE \ command.

ASYST Versicon 1.5
Fage 4 c:acguire,ibm 01/04/80 02:01
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s START.SAMPLING \ Starts the TR8818 digitizing

-1 BYTE2 BYTELl &6 0 16 OUT
EXECUTE.CAMAC

-1 6 0 9 0UT
EXECUTE .CAMAC

H

: SAMPLING.FARAMETERS \ Sets the TR8818 contral parameters.
CR -

." Pre-trigger / Sampling pericd:" #INFUT

BYTE1l :=

." Memcry Size 3 #HINFUT
BYTER2 :=

=
»

: BLOCK.READ \ Reads the data stored by the TRB818
\ into the buffer array DATA. Ncote
\ that all this data is packed intc 16

-1 122 QuT \ bit words.

-1 6 0 17 QuT

EXECUTE.CAMAC

-1 6 0 2 00Ut

ME LISTENER 8901A TALKER

BUFFER.LISTEN

UNTALE UNLISTENM

: DIGITIZER.WINDOW.OFF3ET \ Sets the window cver which digitizing

\ takes place.
CR
. Amount of offset:” #INFUT
VOLTAGE.OFFSET :=
-1 6 0 19 VOLTAGE.OFFSET 0OUT
EXECUTE.CAMAC

ASYST Version 1.S
Fage S ciacquire.ibm 01/04/80 0D2:01
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: CAMAC.Z \ Sends the CAMAC Z command.

-1 49 0QUT
EXECUTE .CAMAC

»

: STOP.SAMPLING \ Computer stcp trigger.

-1 25 ouUT
EXECUTE .CAMAC

s 8901A.BUFFER.SIZE \ Sets the 8901A buffer size.

CR

" Enter buffer size (8k to 16k ; 4k increments ) :
#INPUT BUFFER :=

INTEGER DIML BUFFER 3 ARRAY DATA

8901A DATA (3IGFIR.BUFFER

.
s

: ACRUISITION.FARAMETERS \ Determines the file size and name for

\ a particular run .

CR ." Run Number:" #INPUT STATUS [ 1 1 :=

CR ." Amocunt of data per run:" #INPUT STATUS [ 3 ] :=

CR ." Enter array size:" #INFUT STATUS [ 2 1 :=

CR ." Enter amount of defocus:" #INFUT STATUS [ S 1 :=
CR ." Name of file ( 20 characters or less ):" "INFUT

"FILENAMEL ":=

: CREATE.DATA.FILE

FILE.TEMPLATE
INTEGER DIML STATUS [ 2 1 1 SURFILE
STATUS [ 3 1 STATUSE L 2 3 /7 1 - TIMES

REAL DIML S 3 SUEFILE
END ’

"FILENAMEL
DEFER FILE.CREATE

"FILENAME]L
DEFER» FILE.QPEN

-
s

: SELECT.1.SCAN

ASYST Versicn 1.5
Fage & c:acguire.ibm 01/04/80 02:02
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LER O =

IF DATA SUBR{ ORIGIN , STATUS (2 1 2 / 1]

UNPACK 2S5 SWAP -
INTENSITY :=

ELSE DATA SUERL ORIGIN
UNFACK SUBRL 2 , STATUS L
INTENSITY :=

THEN

: DATA.ACQUISITION.AND.S

DISABLE.SCAN

BEGIN
ACQUISITION.PARAMETERS
CHECK .DATA

UNTIL

CREATE.DATA.FILE

© COUNTER1 :=

SCAN.LENGTH
START .SAMPL ING
STOF . SAMFPLING
ENAELE . SCAN
S00 MSEC.DELAY
BLOCK.READ

DATA SUEBL 1 , 2 ] UNPACK
L 1 3 LSE :

STATUS { 2 1 2 /7 2 + ORI
STATUS £ 3 1 STATUS ( 2

CR ." Scan number:" I 1

SELECT.1.5CAN
I 1 + SUBFILE
INTEMNSITY ARRAY:FILE

STACK .CLEAR
ORIGIN STATUS L 2 1 2 /
LOOF

ASYST Version 1.5
Fage 7 c:acquire.ibm

STATUS [ 2 1]

2/1+1

21 /7 1 2SS SWAP -

TORAGE

GIN :=

171 -00DO

+ .

+ ORIGIN :=
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FILE.CONTENTS SUEFILE
STATUS ARRAY:FILE
DISAELE .SCAN
FILE.CLOSE

2 WEIGHT.FUNCTION

INTENSITY SORT é.INTENSITY 1= \ Scrts the intensity values from
1 A &= i1 B := \ smallest tu largest.
BEGIN

S.INTENSITY [ A 1 S.INTENSITY L A 1 + 3 -
Q=

IF WEIGHT T B 1 1 + WEIGHT [ E 1 :=
\ Cocunte the number of like intensity

ELSE \ readings. These are stored in WEIGHT.
WEIGHT { B 1 § + WEIGHT C B 1 := \ The corresponding value of the
S.INTENSITY T A4 1 I.VALUE [ B J := \ intensity is stored in I.VALUE

B 1+ B :=

THEN A 1 + A :=
A ARRAY.SIZE =

UNTIL

S.INTENSITY [ A ] I.VALUE [ B
WEIGHT L B 1 1 + WEIGHT [ B ]
: AVERAGE. INTENSITY
WITH.FREQUENCIES

I .VALUE WEIGHT MEAN AVERAGE :=

\ Computes the average intensity
I.VALUE WEIGHT SAMFLE.VARIANCE .S #*» \ and the standard deviation.
S.DEV :=

.
H

: INTENSITY.ADJUST

\ Thraws cut all values of the i1ntensity
I.VALUE AVERAGE - AES \ for which the intensity average difference
S.DEV (<1 ADJUST := is greater than the standard deviation.

L

ARRAY . SIZE O DO
I.WALUE € I 1 + 1 ADJUST C I 1 + 3 # 1I.VALUE [ I 1 + ] ==

ASYST Version 1.5
Fage 8 ciacquire.ibtm 01/04/80 0202
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‘WEIGHT [ I 1 + J ADJUST € I 1 + 3 # WEIGHT [ I 1 + 1 :=
LOOF

H

: MEAN.INTENSITY.CALCULATION

AVERAGE . INTENSITY

INTENSITY.ADJUST \ An iterative locop which calculates
\ average intensity . until the
S.DEV OLD.S.DEV <« \ standard deviaticn is constant.

IF S.DEV OLD.S.DEV := MYSELF
THEN

3

: ARRAY.CHARACTERIZATION

O GAIN := 1 COUNTER1 := @ WEIGHT := O I.VALUE :=

BEGIN

CR ." Enter filename of characterizaton data please:” "INFUT
‘CR ." Enter data filename please:” "INFUT "FILENAME2 ":=
CHECK . DATA '

UNTIL

"FILENAME1 DEFER» FILE.OFEN
FILE.CONTENTS 1 - O DO

COUNTER1 SUEFILE

INTENSITY FILE:»ARRAY

INTENSITY SMOOTH INTENSITY :=

WEIGHT .FUNCTION

MEAN. INTENSITY.CALCULATION

INTENSITY AVERAGE / GAIN + GAIN :=

Q0. WEIGHT := COUNTER! 1 + COUNTER1 :=

STACK .CLEAR

LOOF

FILE.CONTENTS 1 - FILE.LENGTH :=
GAIN FILE.LENGTH / GAIN :=
FILE.CLOSE

"FILENAME2 DEFER: FILE.OFEN
FILE.CONTENTS 1 - O PO

I 1 + SUEFILE

INTENSITY FILE:ARRRAY
INTENSITY SMOGOTH INTENSITY :=

ASYET Version 1.5
Fage 9 ciacuire.ibm 01/04/80 02:03

"FILENAMEL ":=
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INTENSITY GAIN 7/ INTENSITY
I 1 + SUEFILE
INTENSITY ARRAY:FILE

LOOP
FILE.CLOSE

ASYST Veresion 1.5
Fage 10 c:acquive.ibm O1/04/80

926



T-3277 97

The following variables should be defined to the correct

dimension or value before loading the program into memory.

File: ANALYSIS.IBM

ARRAY.SIZE --- [nitialize at the length of the CCD array the

user wishes to use.

MAX.IDEAL.INTENSITY --- This is currently set at 63. It
determines the height of the ideal pulse in both the MTF and
FIDELITY calculations. The value of 63 is a common maximum
intensity when the system is correctly aligned. If the
signatl is spanning the full range of the digitizing window,

this should probably be changed to a higher value.

PEL.POSITION —=— Initialize to the number of scans in a

file.

File: ACQUIRE.IBM

BYTEl --— Currently initialized at 112 so that 0/8 of memory

is pre-trigger samples, and the clock is external.

BYTE2 ——— Currently set at 0 set that memory size is 8K.
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ARRAY.SIZE —--- [nitialize to the CCD array size to be used.

BUFFER —-- Set to 1/2 of the amount of memory that BYTEZ2
programs the LeCroy system for. For example, if the LeCroy
memory is at 8K this should be at 4100. Always make slightly
larger than 1/2 of LeCroy memory, so that this buffer can

also accept any status bytes the system sends over.
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Appendix B —-- Instrumentation.

This appendix describes the instrumentation of the

99

system. The basic system conFigurat{on is as shown in figure

B-1.

Array

ajuTJdy

IBM PC AT —LeCroy

Figure B-1. System configuration.

500t ical Hedge

I |

Array

Figure B-2. Exploded end view of wedge and array.
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Figure B-2 shows the orientation of the optical wedge with
respect to the array. The wedge used was purchased from
Melle Griot, product number 02PRW005. The wedge angle is
7.67 degrees. The index matching fluid placed in the

wedge-array boundary is from Cargille, type B.

Mirror

Mount mm-2A |

Stage 460-X

ngure B-3. Mirror holder.

The apparatus designed to hold the mirror which
deflected the beam onto the array is shown in figure B-3.
The mirror, purchased from Melle Griot has model number
02MFG0016/001 Max-Bright coating. The mirror holder is
Newport corporations model number mm-2A. The translational
mount is also from Newport, model 460-X. The transliational
axis for the device is out of the paper. The rods used to

connect the device were 0" long.
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Outputs

Array | Housing |

Stage 420

Stage 470-A

Rotational Axis

Figure B-4. Array mount.

The final illustration shows how the Newport rotational
mount (model 470-A), translational mount (model 420), and
the array are stacked together. The rotational axis and

transtational axis are also shown.
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