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SCANNING LASER MICROSCOPE SYSTEM AND METHODS OF USE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to scanning laser micro-
scope systems and, specifically, to scanning laser
microscope systems for enhanced inspection of
samples, such as, birefringent materials or fluores-
cent objects.

2. Description of Related Art

For many years optical microscopes have been
useful for examining fine details and structures in
materials. Conventional microscopes typically use
the kind of imaging in which the object is illumi-
nated as a whole. Light transmitted through or
reflected from the object is imaged into an inter-
mediate image plane by an objective lens. This
intermediate image plane is either viewed with an
eyepiece or scanned with a TV camera.

One disadvantage of conventional microscopy
results from scattered light from one point of the
object arriving at the intermediate image plane in
another part of the image, thus, degrading the
contrast between parts of the image. This effect is
minimized in scanning microscope systems.

Optical scanning microscopy illuminates the
object on a point by point basis and the transmit-
ted, reflected, stray or emitted light is measured for
each consecutive point. An image is formed by
combining the point by point brightness measure-
menis into a suitable display means. With the
advent of the laser the point by point resolution of
optical scanning microscopy improved due to the
ability to focus the single wavelength light of the
laser to a smaller spot. For a more detailed discus-
sion of scanning microscope systems, see Wiison
and Sheppard, "Theory and Practice of Scanning
Optical Microscopy,"” Academic Press, pages 3-9,
1984.

If the material being viewed is anisotropic, a

series of complications arise. Light passing through
an anisotropic material travels at different velocities
in different directions. Polarized light is further af-
fected by differences in the propagation velocity of
light at different polarization angles.

A birefringent material can be ftriaxially an-
isotropic. Further, a birefringent material causing
light to travel therethrough at different velocities for
each axial direction refracts a beam of light in two
different directions to form two rays. A converging
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beam of polarized light passing through a birefrin-
gent material, whether viewed in a conventional or
scanning microscope, will cause interference pat-
tern effects resulting in dark and bright "brushes™
and "rings". Jenkins and White, in "Fundamentals
of Optics,” McGraw-Hill Book Co., pages 576-579,
1976, discuss this effect.

These variations in image brighiness make de-
tection of small anomalies, such as inclusions, cry-
stal latiice disiocations, grain boundaries, vacan-
cies, interstitials, efc., more difficult for the micro-
scopist. Only those areas of the image having
uniform brightness can be examined with accept-
able results. Thus, only a small portion of an image
may be useful for examination of an object, resuit-
ing in viewing the object repeatedly to cover a
given area.

in the manufacture of electro-optical devices,
knowledge of the quality of the substrate material is
important to achieve high yislds of functional de-
vices at reasonable cost. In the manufacture of
molecularly oriented polymers and other birefrin-
gent materials, knowiedge of the quality of the
material is similarly important.

A confocal laser scanning microscope differs
from a conventional microscope by affording depth
discrimination as well as improved resolution.,

Fluorescence laser scanning microscopy offers
many advantages over conventional fluorescence
microscopy. Light can be concentraied on very
small spots of the sample enabling the detection of
small concentrations of fluorescent substances.
Further, in conventional fluorescence microscopy,
out of focus fluorescence can give a relatively
strong interference with fluorescence from the sam-
ple layer in focus. Whereas, out of focus fluores-
cence in a confocal laser scanning microscope
interferes only in a very limited way with the flu-
orescence of a sample layer in focus.

It is an object of the present invention o pro-
vide an improved scanning laser microscope sys-
tem to assist in detecting or characterizing fine
details and structures of materials or other sam-
ples.

It is a further object of the present invention o
provide means for enhancing the light transmitted
through, reflected from or emiited from the material
or sample to increase the conirast between the
material or sample and anomalies or areas of inter-
est contained therein.

it is a further object of the present invention to
provide a single scanning laser sysiem capable of
depth discrimination in an object and/or use in
fluorescence microscopy.

It is another object of the present invention to
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provide very precise means for processing signais
representative of light detected from a scanning
beam passing through or being reflected from a
material or other sample.

SUMMARY OF THE INVENTION

This invention fulfills the above objectives and
relates to a scanning laser microscope system for
assisting in the characterization of an object, the
system comprising:

a first laser for producing a linearly polarized, sub-
stantially collimated, single wavelength beam of
light having an axis;

means for scanning the beam in a raster scanning
fashion in a first direction across a scanning plane
of the object and in a second direction perpendicu-
lar to the first direction across the scanning plane
of the object; .

. means for enhancing light from the object by in-
creasing contrast between anomalies and a remain-
der of the object;

means for detecting light from the enhancing
means and for generating electrical signals repre-
sentative of the intensity of the detected light; and
means for creating an image representative of the
scanning plane of the object from the detected
light.

This invention can also be described as a
scanning laser microscope system comprising:
an optical system for scanning a light beam in a
raster scanning fashion on a scanning plane of a
material;
means for detecting the beam from the material
and for generating signals representative of the
intensity of the detected light;
means for generating pixel clock signals repre-
sentative of the position of the beam in a first
direction on the scanning plane of the material;
means for causing the position of the beam on the
material scanning plane in a second direction per-
pendicular to the first direction to conform to a
desired beam position; ’
means for storing the detecied light signals;
means for providing control signals to the storing
means based on the pixel clock signais and the
desired beam position in the second direction to
synchronize the storing means such that the de-
tected light signals are stored in storage locations
corresponding to the position of the beam on the
material scanning piane; and
means for forming the stored signals into an image
representative of the material scanning plane.

This invention is further directed to a scanning
laser microscope system comprising:

a first laser for producing a first linearly polarized,
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substantially collimated, single wavelength beam of
light having an axis;

means for scanning the beam in a raster scanning
fashion in a first direction across a scanning plane
of the object and in a second direction perpendicu-
lar to the first direction across the scanning plane
of the object, wherein the scanning means com-
prises:

a rotor rotatable about a rotor axis and having a
circumferential side with a plurality of reflective
facets, the rotor positioned to receive the beam on
one of the facets;

means for rotating the rotor to cause the beam axis
to scan in the first direction across the scanning
plane of the object;

first optical means for directing the beam axis from
the rotor at varying angles of incidence to a first
point;

a planar mirror rotatable about a mirror axis per-
pendicular to the rotor axis and intersecting the
point, the mirror positioned to receive the beam
from the first optical directing means;

a galvanometer connected to the planar mirror to
cause the planar mirror to move about the mirror
axis and to cause the beam axis to also scan in the
second direction across the scanning plane of the
object, thereby defining a raster light pattern in a
plane perpendicular to the beam axis refiected
from the planar mirror;

second optical means for directing the beam axis
from the mirror at varying angles of incidence to a
second point; and

a flat field apochromat objective lens positioned at
the second point, the lens for receiving the beam
from the second optical directing means and for
focusing the beam {o the scanning plane of the
object;

means for enhancing light from the object;

means for detecting light from the enhancing
means and for generating electrical signals repre-
sentative of the intensity of the detected light; and
means for creating an image representative of the
scanning plane of the object from the detected
light.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be more fully understood
from the following detailed description thereof tak-
en in connection with accompanying drawings
which form a part of this application and in which:

Figure 1 is a pictorial representation of a
scanning laser microscope system of the present
invention.

Figure 2 is a block diagram of the system
illustrated in Figure 1.
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Figure 3 is a detailed side view of a modified
microscope base with certain parts shown in sec-
tion as used in the preferred embodiment of the
present invention.

Figure 3A is a side view of a commercially
available microscope that can be modified for use
as illustrated in Figure 3.

Figure 4 is an exploded pictorial view of a
first embodiment of a beam enhancing assembly in
accordance with the present invention,

Figure 4A is a top view of the beam enhanc-
ing assembly of Figure 4 when it is fully assem-
bled.

Figure 5 is an exploded pictorial view of a
second embodiment of a beam enhancing assem-
bly in accordance with the present invention.

Figure 5A.is a cross section side view of the
beam enhancing assembly of Figure 5 when it is
fully assembled.

Figure 6 is a top view of a third embodiment
of a beam enhancing assembly in accordance with
the present invention.

Figure BA is a cross sectional side view
taken along the line A-A in the direction of the
arrows in Figure 6.

Figure 6B is a cross sectional side view of a
fourth embodiment of a beam enhancing assembly
in accordance with the present invention.

Figure 6C is a cross sectional side view of a
fifth embodiment of a beam enhancing assembly in
accordance with the present invention.

Figure 6D is a cross sectional side view of a
sixth embodiment of a beam enhancing assembly
in accordance with the present invention.

Figure 7 illustrates a preferred embodiment
of a preamplifier circuit for use in the system of
Figures 1 and 2.

Figure 8 depicts a preferred embodiment of
a scan detection circuit for use in the system of
Figures 1 and 2.

Figure 9 is a block diagram of the frame or
image storage control module and the operator
control panel of Figure 2.

Figure 10 is a detailed functional block dia-
gram of the frame or image storage control module
for use in the system of Figures 1 and 2.

Figure 11 shows a detailed functional block
diagram of the scan mode control logic or scan-1
circuit for use in the module of Figure 9.

Figure 12 shows a detailed functional block
diagram of the scan count or scan-2 circuit for use
in the module of Figure 9.

Figure 13 shows a detailed functional block
diagram of the Y-scan reference generator or scan-
3 circuit for use in the module of Figure 9.

Figure 14 is a block diagram of the gal-
vanometer control module of Figures 1 and 2.

Figure 15 is a detailed functional block dia-

10

18

20

25

30

35

40

45

50

55

gram of the galvanometer control module for use in_
the system of Figures 1 and 2,

Figure 16 is a block diagram of the
photomuitiplier conirol module of Figures 1 and 2.

Figure 17 is a detailed functional block dia-
gram of the photomultiplier control module for use
in the system of Figures 1 and 2.

Figure 18 is a block diagram of the pixel
clock module of Figures 1 and 2.

Figure 19 is a detailed functional block dia-
gram of the pixel clock module for use in the
system of Figures 1 and 2.

Figure 20 is a schematic representation of
the computer system and the stage controller sys-
tem of Figures 1 and 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

Throughout the following detailed description,
similar reference numerals refer to similar elements
in ail Figures of the drawings.

Referring to Figure 1, there is shown a pictorial
view of a scanning laser microscope system 10 of
the present invention. The microscope system 10
is mounted on an optical table 12 designed to
minimize and dampen vibrations. The table 12 may
comprise a laminate horizontal structure made of
solid aluminum top plate portion 14, a bottom plate
portion and an aluminum intermediate honeycomb
portion. The structure may be mounted on air sus-
pension legs to further minimize potential vibra-
tions.

A first light source 20, such as a helium-neon
laser 20, is mounted on the top plate portion 14 of
the table 12. Laser model number 3225 H-P from
Hughes Aircraft Corporation located in Carlsbad,
California, has been found satisfactory for this pur-
pose. This laser 20 emits a linearly polarized, sub-
stantially collimated, single wavelength beam of
light. The wavelength of the beam is 632.8 nano-
meters which is visibly red with a circular cross
section having about a 1 millimeter diameter. A
beam expander and collimater assembly 22 is con-
nected to the laser 20 to expand and collimate the
diameter of the beam to about 3 millimeters. A 3X
Beam Expander, such as model number T81-3X
from Newport Corporation located in Fountain Val-
ley, California, can be used for this purpose.

The expanded beam 24 is directed on one of a
pluraiity of reflective facets or faces 26 of a circum-
ferential side 28 of a rotatable rotor 30. To reduce
space requirements for the microscope system 10,
in the preferred embodiment the expanded beam
24 from the laser 20 is first reflected 90 degrees in
a horizontal plane by a reflective side of a dichroic
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beam splitter 32, such as Dichroic Beam Splitter
model number 4880T-6328R from CVI Laser Cor-
poration of Albuquerque, New Mexico. The beam
24 from the splitter 32 is reflected 90- degrees
vertically up by a mirror 34, such as mirror model
number 01MFGO007 from Melles Griot located at
Rochester, New York. From the mirror 34, the
beam 24 is reflected through a hole 36 in a plate
38, such as a 24 inch square solid aluminum
breadboard plate, and a base plate 46 of the as-
sembly supporting the rotor 30 to one of the reflec-
tive facets or faces 26 of the rotor 30. The plate 38
is connected to and supporied on the table 12 by
four posts 40 spaced apart from one another.

The rotor 30 is part of a galvanometer assem-
bly 42, such as galvanometer assembly number
18875H-23ND-2-100 from Lincoln Laser Corpora-
tion of Phoenix, Arizona. This assembily 42 com-
prises a motor having an shaft, the rotor 30 rotatab-
ly supported on the shaft and rotatable by the
motor. The motor and rotor 30 are supported in a
housing having two windows. One of the two win-
dows allows the beam 24 to pass from the mirror
34 to one of the reflective facets or faces 26 and
then to be reflected from the reflective face out of
the housing. The second window is generally lo-
cated in an opposite side of the housing to aliow
another beam to pass therethrough to another re-
flective face of the rotor 30 and reflect out of the
housing. The housing is mounted, such as by bolts,
to a support assembly comprising a vertical plate
44 connected to the base plate 46. The vertical
plate 44 and the base plate 46 can be jointed by
knees or angle pieces 48.

The beam 24 is reflected from the rotor 30
causing the extreme positions of the beam to move
in a vertical (x) direction moving a greater distance
in the x direction the farther from the rotor 30.

A relay lens assembly comprising a first bicon-
vex lens 50 and a second biconvex lens 52 is for
relaying the beam to a first fiat reflective side of a
mirror 54, Suitable lens 50 and 52 can be obtained
from Melles-Griot Corporation, mentioned before,
under part number 01-LDX 115/078. The first
biconvex lens 50 focuses the beam 24 to a point
moving in the y direction. Equally spaced from the
focused point at the midpoint of its scan in the y
direction, on the other side of the point than the
first lens 50, is the second lens 52 which directs
the beam to a stationary spot on the mirror 54 with
the angle of incidence of the beam varying as the
beam contacts the mirror 54. The circles depicted
on the lenses 50 and 52 in Figure 1 illustrate the
extreme x positions of the beam on the respective
lenses.

The mirror 54 is connected to a galvanometer
or galvo 56 and together they comprise a gal-
vanometer or galvo scanner assembly 58. A suit-
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able galvanometer 56 is available from General
Scanning Corporation with offices at Watertown,
Massachusetts, under part number G120D. The
mirror 54 has a second flat reflective side, parallel
to the first reflective side, which will be discussed
later. A suitable mirror for this purpose is a double
sided first surface mirror being 5 miliimeters by 5
millimeters by 1 millimeter (5mm X 5mm X 1mm)
and can be obtained from Spectro-Film Company
located at Winchester, Massachusetts. The flat
sides are positioned in vertical planes. The gal-
vanometer 56 partially rotates the mirror 54 back
and forth (i.e., in one direction and then the op-
posite direction) about a vertical axis or line pass-
ing through the center of the mirror. The center of
the beam 24 intersects and is perpendicular to the
vertical line. This vertical line is also perpendicular
to the axis of the rotor 30. The galvanometer 56
operates in response to electrical control signals
from a galvanometer or galvo control module 116
over a cable 118 with two lines.

The back and forth movement of the galvanom-
eter 56 causes the mirror to refiect the beam in a
horizontal (y) direction at an angle such that when
combined with the motion in the x direction created
by the rotor 30 the beam moves in a raster scan-
ning pattern or fashion. The extreme positions of
the beam now moves a greater distance in the x
and y directions the farther from the mirror 54.
Thus, the size of the raster pattern increases with
increased distance from mirror 54.

A second relay lens assembly comprising a
third, a fourth and a fifth biconvex lens, 60, 62 and
64, respectively, relay the beam to a flat mirror or
beam splitter 66. The third lens 60 and fourth lens
62 are for converging the raster scanning pattern to
a point. Newport Corporation located at Fountain
Valley, California, sells a 63mm focal length bicon-
vex lens under part number KBX- 145AR14 which
is suitable for use as the third and fourth lens 60
and 62. The fifth lens 64, such as Newport Cor-
poration part number KBX-163AR.14 having a
176mm focal length, recollimates the beam after it
has been focused to the point by the third and
fourth lens 60 and 62. The fifth lens 64 aiso con-
verges the raster patiern to a stationary spot on a
plano-apochromat lens 88 with the angle of in-
cidence of the beam 24 at the spot varying in
direction in accordance with the raster pattern. Be-
tween the fifth lens 64 and the spot, the mirror or
beam splitter 66 is optionally for compactness and
convenience located to redirect the beam generally
downwards onto the lens 68.

The lens 68 can be a standard microscope
objective lens, such as lens number 519692-
6.3X.2NA or lens number 519509-40X.75NA from
E. Leitz Incorporated of Rockleigh, New Jersey.
The lens 68 converges the beam {o a size which is
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dependent on the magnification factor or numerical
aperture (NA) of the particular lens 68 chosen to be
used.

After passing through the lens 68, the beam
contacts an object or material 70 being analyzed.
The microscope system 10 is particularly suited for
analyzing a birefringent, partially transparent, ma-
terial or object, such as an oriented polymer film or
a crystalline material such as a wafer of lithium
niobate, potassium titany! phosphate (KTP), barium
titanate, or bismuth silicon oxide (BSO).

The object 70 rests over a hole in a movable
plate 72 of a scanning stage assembly 74. The
assembly 74 includes the plate 72, a first linear
positioning assembly 76 including a motor respon-

sive to a positioning sensor for moving the plate 72 -

in a first (e.g., X) direction, a similar second linearly
positioning assembly 78 for moving the plate 72 in
a second {e.g.. Y) direction perpendicular o the
first direction, a scanning stage keypad and display
unit 80, and a stage controller module 82 con-
nected by cables or electrical lines 84 to the posi-
tioning assemblies 78, 78, the keypad and display
unit 80 and a computer system 86. An illusirative
scanning stage assembly 74 is available from E.
Leitz, Incorporated, at Rockleigh, New Jersey, un-
der part number M872070 S-2000.

Any portion of the beam from the object, being
for instance, refracted, scatiered and/or reflected in
the process passes through a beam enhancing
assembly 88. The assembly 88 is mounted on a
photodetector assembly 80 such that light that
passes through the beam enhancing assembly 88
is detected by a photomultiplier tube (PMT) in a
cylindrical housing. The tube and housing comprise
the photodetector assembly 90. An acceptable
photodetectior assembly 90 for use in the present
invention is available from Burle Industries
(formerly of RCA) located at Lancaster, Pennsylva-
nia under part number 8645R.

The photomultiplier tube (PMI) converts the
sensed light to elecirical signals representative of
the sensed light and sends the signals through a
line 81, such as a coaxially shielded cabie, to a
preamplifying module 94, a photomultiplier control
module 96, and then through a line 93, such as a
coaxially shielded cable, to the computer 86.

A second light source 98 is supportied on the
plate 38 by supports 102 on a base plate 104, A
similar mounting arrangement can be used to con-
nect the first light source 20 to the table 12. The
second light source 98 can be a helium-neon laser,
such as model number 3221 H-P from ' Hughes
Aircraft Corporation. Such a laser 98 emits a sub-
stantially collimated beam 100 of light one millime-
ter in diameter. The source 98 is positioned to
direct the beam substantially parallel to a top sur-
face of the plate 38 through a beam splitter 1086,
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such as cube beam splitter 03-BSC-009 from Mel-
les Griot, previously mentioned. A first portion 108
of the beam 100 passes substantially straight
through the splitter 106 and a first beam stop 107
with an adjustable iris to block scattered light to a
flat mirror 109 that redirects the beam portion 108
onto the second flat reflective side of the mirror 54.
The mirror 54 driven by the galvanometer 56
causes the beam portion 108 to move in a horizon-
tal plane in a scanning fashion.

Then the beam portion 108 passes through a
sixth biconvex lens 110, like the first lens 50, which
focuses the beam portion 108 to a point. The poin{
moving in the horizontal plane is directed onto a
light position sensor 112, such as a position sensor
PS-100-500 from Quanirad of El Segundo, Califor-
nia. The movement of the beam portion 108 on the
sensor 112 is analogous to the movement in one
direction of beam 24 on the object 70. The sensor
112 converts the sensed light to electrical signals
representative of the position of the light on the
sensor 112 and provides these signals through a
cable 114 with 3 lines to a galvanometer control
module 116.

The second laser 98, the beam stop 107, the
mirror 109, the galvanometer or galvo 56, the sec-
ond side of mirror 54, the sixth lens 110, the
sensor 112 and the galvanometer control module
116 serve as an optically coupled servo system.

A second portion 120 of beam 100 is split from
the first portion 108 by the splitter 106. The second
beam portion 120 passes through a second beam
stop 122, like the first beam stop 107, to a beam
steering instrument, like that sold by Newport Cor-
poration, previously mentioned, under model num-
ber 675, to a flat mirror 124, through the second
window in the housing of the galvanometer assem-
bly 42 onto another one of the reflective faces of
the rotor 30. The rotor 30 reflects the second beam
portion 120 out the second window causing the
second beam portion 120 to move in a vertical (x)
direction. Then the second beam portion 120
passes through a seventh biconvex lens 126 to a
second beam splitter 128 which splits and directs a
third beam portion 130 to a dual photo detector or
sensor 132, such as a BiCell SD-113-24-21-021
split photodetector from Silicon Detector Corpora-
tion located at Newbury Park, California. Sensor
132 provides electrical signals indicating passage
of the beam across a first portion and then a
second portion of the sensor 132. These signals
are sent over a line 134 to a scan detection circuit
136. The scan detection circuit 136 provides elec-
trical signals over a line 138 to the computer sys-
tem 86 and to a frame or image storage control
module 140.

A fourth beam portion 142 passes substantially
straight through the second beam splitter 128 to a
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ronchi ruling 144 that has, for instance, 50 lines per
inch. As the fourth beam portion 142 moves across
the ronchi ruling 144, it modulates the scanning
fourth beam portion 142 by blocking the light then
allowing it to pass through in a repeating off and
then on pattern. Then the modulated fourth beam
portion 142 passes through an eighth biconvex lens
146 to a pixel clock light sensor 148. This sensor
148 produces an electrical signal proportional to
the intensity of the detected light. Any sensor that
achieves this purpose can be used, but silicon
photodetector SD-172-12-22-221 from Silicon De-
tector Corporation, mentioned before, has been
found to be satisfactory. A cable 150 iransmits
information from the sensor 148 to a preamplifier
circuit 152, a pixel clock module 154, and then the
frame storage control module 140.

A start of rotation detector 174, such as
photosensor model no. S351G from Skan-A-Matic
Corporation with offices at Elbridge, New York,
detects the existence of a black mark on the rotor
30 and sends a signal indicating the passing of the
mark past the detector 174 through a cable 176 fo
the frame storage control module 140.

A third light source 156 can be provided that
can be used instead of the first light source 20.
The third light source 156 should provide light
similar to the first source 20 and be tunable to
multiple different wavelengths. One such source is
an Argon-ion laser Model 65 from Lexel Corpora-
tion located at Freemont, California. One
wavelength this particular laser emits is 488 nano-
meters which is visibly blue. The third source 156
can be positioned on the table 12 to project a
beam 158 to a flat mirror 160 which reflects the
beam 158 to pass through the beam splitter 32
replacing the beam 24 from the first light source
20. .
A confocal arrangement may optionally be in-
cluded in the microscope system 10. A confocal
arrangement in the scanning laser microscope 10
permits the detection of light at multiple focal lay-
ers in a sample, storage of signals representative
of the detected light and three dimensional image
reconstructions of the signals.

The confocal arrangement may include a beam
splitter 162 positioned in the path of beam 24
between the base plate 46 and the galvanometer
assembly 42; a microscope objective lens 164, like
lens 68; a pin hole aperture 166; and a light sensor
168, such as photomultiplier 8850 from Burle In-
dustries, previously mentioned, connected by a line
170 to a computer. Beam 24 from the first light
source 20 passes through the beam splitter 162 {o
the rotor ultimately to the lens 68 as described
before. A portion of the beam 24 will be reflected
off the object and retrace its path in the opposite
direction through the iens 88, off the mirror or
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beam spiitter 66, through the lenses 64, 62 and 60,
off the mirror 54, through the lenses 52 and 60, off
the rotor, to the beam splitter 162 which reflects a
portion of the reflected beam through the lens 164
and the pin hole aperiure 166 to the sensor 168.
The sensor 168 produces an electrical signal that is
a function of the reflectivity of the object 70. This
signal is amplified by a preamplifying module 94 -
(not depicted) and controlled by a photomuttiplier
control module 96 (not depicted) before it is re-
ceived by the computer system 86. These moduies
94’ and 96  can be identical to the modules 94 and
96, respectively.

Length adjustable hoiders 172 can position and
support the aforesaid parts, i.e., the lens, beam
spiitters, mirrors, pin hole aperture, ronchi ruling,
and sensors, on the support plates. Newport Cor-
poration, previously mentioned, provides holders
VPH-3 or VPH4 which are suitable for this purpose.

Figure 2 depicts a simplified block diagram of
the scanning laser microscope system 10 shown in
Figure 1 with duplicate parts omitted for clarity.
Referring to Figure 2, the system 10 includes an
optical system 202 (as described above), the
preamplifying module 94, the photomultiplier con-
trol module 96, the computer system 86, the stage
control module 82, the scanning stage keypad and
display unit 80, the scanning stage assembly 74,
the galvo control module 116, the scan detection
circuit 136, the preamplifier circuit 152, the pixel
clock module 154, the frame storage control mod-
ule 140, and an operator panel 204.

The optical system 202, specifically the light
sensor 148 within the optical system 202, is con-
nected by the cable 150 for sending signals to and
for receiving bias voltage from the preampilifier
circuit 152. The preamplifier circuit 152 is con-
nected by the line 151 for sending signals to the
pixel clock module 154. The pixel clock module
154 is connected by the line 153 for sending
signals to the frame storage control module 140.

The optical system 202, specifically the dual
photo sensor 132, is connected by a cable 137 for
sending signals to and for receiving bias voltage
from the scan detection circuit 136. The scan de-
tection circuit 136 is connected by the line 138 for
sending signals to the frame storage control mod-
ule 140.

The optical system 202, specifically the posi-
tion sensor 112, is connected by the cable 114 for
sending signals to and for receiving bias volitage
from the galvanometer control module 116. The
galvanometer control module 116 is connected by
the cable 118 for sending drive current to the
galvanometer assembly 58. The galvanometer con-
trol module 116 is also connected by a line 210 for
receiving signals from the frame storage control
module 140.
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The optical system 202, specifically the start of
rotation detector 174, is connected by the cable
176 for sending signals to and receiving power
from the frame storage conirol module 140.

The optical system 202, specifically the
photodetector assembly 90, is connected by the
line 91 for sending signals to the preampilifying
module 94 which in turn is connected by the line
95 for sending signals to the photomultiplier control
module 96. The photomultiplier control module 86
is connected by the line 97 for sending control
voltage to the optical system 202, specifically the
photodetector assembly 90. The photomultiplier
control module 96 is also connected by the line 93
for sending detected light or VIDEQ signals to the
computer sysiem 86.

The computer system 86 is connected by a
cable 84 for communicating with the stage control
module 82 which in turn is connected by cables 84
to the scanning stage assembly 74 and the scan-
ning stage keypad and display unit 80. The com-
puter system 86 is also connected by lines 216 for
receiving signals from the frame storage control
module 140.

The frame storage control module 140 is also
connected by lines for sending signals to and for
receiving signals from an operator panel 204.

Referring to Figure 3, there is illustrated a
detailed side view of a modified microscope base
300 with certain parts shown in section and other
parts omitted for clarity as used in the preferred
embodiment of the present invention. The base
300 has a lower portion 302 connected to an upper
portion 304 by an intermediate portion 306. The
photodetector assembly 90 is mounted partially
recessed in a hole 308 in the iower portion 302.
The upper portion 304 has a top surface 310. A
track 312 is connected 1o the top surface 310, such
as by one or more screws 314, The track 312 is for
supporting the third, fourth and fifth biconvex len-
ses 60, 62 and 64.

Any means can be used to support the lenses
on the track 312. Figure 3 shows lenses 60 and 62
held in cylindrical lens holders 316 by retaining
rings 318 such as a c-ring. Referring to Figure 3,
the lens holders 318 are connected to a cylindrical
support 320 by set screws 322. Lens 64 is held in
a cylindrical support 330 by retaining rings or
pieces 323. The supports 320 and 330 are con-
nected to clamps 324 by screws 326. The clamps
324 are positionable along and connect o the track
312. When either one of the clamps 324 is moved
along the track 312, a head of one of the screws
326 holding the support to the clamp 324 moves in
a clearance slot 328 in the track 312.

The mirror or beam splitter 66 is supported
within a cylindrical wall 336 having an opening 338
and a lower flange 340. The cylindrical wall 336
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surrounds a passage 342. The flange 340 rests on
a dovetail holding fixture 344 around the passage
342. A passage 346 in the upper portion 304 con-
nects the passage 342 to the planoapochromat
microscope objective lens 68. The lens 68 can be
one of a plurality of lenses on a rotatable turret
assembly 348. A spacer ring shaped block 350 fits
around the cylindrical wall 336 and on the flange
340. A housing 352 is positioned on the spacer
block 350 over the mirror 66. Screws 356 connect
the flange 340, the spacer block 350 and the
housing 352 together. The thicknesses of the fix-
ture 344 and the block 350 and the flange 340 are
chosen to align the mirror or beam splitter 66 to
intercept the beam 24 from the lens 64 and direct
it to the planoapochromat microscope objective
lens 68. The top surface 310 of the base 300 can
have different levels to help align the parts. For
instance, in Figure 3 the top surface 310 has a
lower portion in which the fixture 344 is partially
recessed and a higher portion upon which the track
312 is mounted.

A second enhancing assembly 88 can be lo-
cated above the beam splitter 66 to receive light
reflected from the object after the reflected light
has passed through the passage 346, the passage
342 and the beam splitter 66. The preferred em-
bodiment for this second enhancing assembly 88 is
illustrated ip Figure 6B. Another photodetector as-
sembly 90 is positioned to receive the reflected
light from the second enhancing means 88. The
another photodetector assembly 90" can be iden-
tical to the assembly 90. Further, the signal from
the assembly 90’ is similarly sent to a pream-
plifying module 94" (ke modules 94 and 94), a
photodetector control module 96" (like modules 96
and 96') and then the computer system 86, specifi-
cally, for instance, to a frame buffer 278.

Referring to Figure 3A, there is shown a side
view of a microscope, such as available from E.
Leitz, Incorporated, under model name Ergolux,
that can be modified for use as illustrated in Figure
3. The microscope includes the lower portion 302
with the hole 308. A light source (not depicted) and
a mirror 360 are typically mounted in the lower
portion 302 and aligned to direct light from the light
source through a lens 358 mounted in the hole
308. For the purposes of the present invention, the
light source, the mirror 360 and the lens 358 can
be removed and then the photodetector assembly
90 is mounted partially recessed in the hole 308.

The microscope further includes an illumination
assembly 362, a filter assembly 364 and the hous-
ing mounted on the top portion 304 of the base
300. For the purposes of the present invention, the
illumination assembly 362 and the filter assembly
364 are removed, the top surface 310 is machined
flat to accept track 312, and the housing 352 is
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repositioned as described above.

The microscope further includes a stage as-
sembly 368 and a top and eye piece 366 which
can be removed for the purposes of the present
invention. The computer controilable scanning
stage assembly 74 described before can be substi-
tuted for the typical stage assembly 368.

Referring to Figures 4 and 4A, there is illus-
trated a first embodiment 88 of the beam enhanc-
ing assembly 88 in accordance with the present
invention. This first beam enhancing assembly 88’
comprises a lower housing 400 having a cyiindrical
opening or passage 402 for receiving and rotatably
mounting on the photodetector assembly 80. A
thumb screw 404 is provided fo threadably pass
through a hole in the lower housing 400 to fasten
the housing 400 to the assembly 90.

The housing 400 has a slot 406 for receiving a
light shield or support plate 408 linearly slidable in
the slot 406. A track piece 410 extends in and is
slidable through a generally rectangular hole 412 in
the support plate 408. A ring or holder seat 414 is
bonded in a slot, such as by epoxy, at one end of
the frack piece 410 that extends into the lower
housing cylindrical opening 402. The ring 414 sets
in a groove around a cylindrical filter holder 416
which is rotatable in the ring 414. A spatial filter
418 rests in notches in one end of the filter holder
416. A C-ring 420 holds the filter 418 in the holder
416. The spatial filter 418 has an aperture shaped
to substantially match a uniform intensity level area
in an interference pattern formed when linearly
polarized substantially monochromatic light is
transmitted through the object 70. In one preferred
embodiment the spatial filter 418 can be a metal
reticle having a cross or plus shaped aperture.
Suitable for use is metal reticle 70.1045 from Rolyn
Optics Company of Covina, California.

An actuating wire or member 422 is slidably
positioned in a groove in the track piece 410. A
first end of the actuating wire 422 connects to the
filter holder 416. A second end of the wire 422 is
bonded, such as with epoxy in a hole of a slider
424 which is also slidably positioned in a groove of
the track piece. The first end of the wire 422 is
connected to the filter holder 416 by a hook in the
wire fitting into a hole in holder 416. The grooves in
the track piece 410 and the wire 422 are angularly
shaped such that when the slider 424 is moved
towards the wire 422 the first end of the wire 422 is
pushed generally in a direction that it is angled
from a longitudinal axis of the frack piece 410.

A retaining plate 426 and a clamp 428 are
fastened to the track piece 410 by screws 430
covering part of the wire 422 and the slider 424. An
upper housing 432 connects to the lower housing
400 by screws 434. The upper housing 432 has a
cylindrical passage 436 which is concentric with
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the lower housing opening 402 when connected
together.

A screw 438 is retained in the slider 424 by a
retaining collar 439 bonded to the screw 438. The
screw 438 threadably engages the clamp 428 such
that when the screw 438 is turned the slider 424
and the wire 422 slide in the groove of the track
piece 410. This in turn moves the end of the wire
422 connected to the holder 416 rotating the holder
416 in the ring 414,

A slidable holder 440 slidabiy rests in a groove
of the lower housing 400. A screw 442 passes
through a biasing spacer 444, a washer 448, and a
support bracket 448. Then the screw 442 engages
a refaining collar 450 that is bonded to the screw
442, The screw 442 then passes through the slida-
ble holder 440 and is threadably connected to the
clamp 428. When the screw 442 is turned, it moves
the clamp 428, the track piece 410, the support
plate 408 in the slot 406, the ring 414, the holder
416 and the filter 418, all as a single structure in a
first linear direction.

A screw 452 passes through a biasing spacer
454, a washer 456, and an end plate 458 which is
secured to the lower housing 400 by screws 462.
Then the screw 452 engages a refaining collar 460
(that is bonded to the screw 452). Then the screw
452 passes through the end plate 458 and is
threadably connected to the slidabie holder 440.
Thus, when the screw 452 is turned, it moves the
holder 440, the clamp 428, the track piece 410
through the hole 412, the ring 414, the holder 416,
and the filter 418, all as a single structure in a
second linear direction which is perpendicular to
the first linear direction.

A polarizing filter holder 464 is fastened in one
end of the upper housing passage 436 by a thumb
screw 466. A polarizing filter 468 is held in a
passage of the filter holder 464 by a C-ring.

The first beam enhancing assembly 88', as just
described and illusirated in Figures 4 and 4A, is
capable of passing light rays through the variably
positionable cross shaped opening and blocking all
other light rays from the assembly 90. Further, the
filter 418 is adjustably positionable in two per-
pendicular linear directions and in an angular direc-
tion.

The assembly 88’ is particularly useful when
detecting light from a birefringent object and more
particularly a birefringent, partially transparent ob-
ject. The cross shape of the aperture in the filter
418 allows a large uniform portion of a typical light
interference pattern caused by passing polarized
light through a birefringent material to be detected
by the assembly 90. The portion of light that
passes through the cross shaped aperture has
been found to contain increased anomally informa-
tion concerning the object structure which pro-
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duces remarkably clear signals detectable by the
assembly 90 as compared to prior art microscopes
including prior laser scanning microscope systems.

Referring to Figures 5 and 5A, there is illus-
trated a second embodiment 88 of the beam en-
hancing assembily 88 in accordance with the
present invention. This second beam enhancing
assembly 88" has a longitudinal axis 501 and com-
prises, from bottom to top, a base 500, a rotatable
holder 502, a spatial filier plate, 504, a rotatable
disk 506, a support 508, a filter hoider 510, and a
polarizing filter 512.

The base 500 has a cylindrical passage 514 for
rotatably mounting on the photodetectior assembly
90. A thumb screw 516 can fix the base 500 to the
assembly 90. The passage 514 has a shoulder 518
for receiving a lower portion 520 of the holder 502.

The holder 502 is generally shaped as a disk
having a lower portion '520; a middle portion includ-
ing circumferential grips 522, an annular groove
524, an optical aperture 526 and an off center pin
528 extending up; and an upper ring portion 530. A
thumb screw 556 fixes the base 500 to the holder
502.

The spatial filter plate 504 has an off center
hole 532 for receiving the pin 528. The plate 504
further has an upper radial groove 536 and an
optical aperture 534, which is smaller than the
holder optical aperture 526, for aligning above the
holder optical aperture 526. The filter plate aperture
534 can be any shape desired, but for purposes of
illustration it is depicted as circular. The filter plate
504 is smaller than the holder 502, such that when
the pin 528 of the holder 502 is in the hole 532 of
the filter plate 504, the filter plate 504 does not
extend radially to the annular groove 524 through
most of the filter plate's rotation about the pin 528
and the filter plate 504 does not extend above the
ring portion 530. A nylon tipped set screw 523 can
be used to increase friction between the holder 502
and the rotatable disk 506.

The rotatable disk 506 has circumferential grips
and an optical aperture 538 larger than and alig-
nable above the filter plate aperture 534 and the
holder aperture 526. The disk 506 further has an
off center downwardly projecting pin 540 and a
lower shoulder 542 with a downwardly projecting
tang 544 on the shoulder 542. Although the tang
544 is illustrated in Figure 5, in reality the tang 544
would not been seen in the Figure 5 perspecitive. In
Figure 5, the tang 544 is actually connected to the
shoulder 542 about at the point farthest from the
viewer. The pin 540 extends into the filter plate
radial groove 536. The tang 544 exiends into the
holder annular groove 524.

The support 508 has a cylindrical passage 554
coaxial with the base passage 514 and alignment
holes 548 for receiving locating pins 546 on the
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base 500. Screws 550 secure the support 508 to
the base 500. The base 500 has a step 552 for
providing a space between the support 508 and the
remainder of the base 500 for rotatably trapping
the holder 502, the plate 504 and the disk 506
therebetween. ‘

A polarizing filter 558 in a holder 560 is se-
cured by a thumb screw 562 within the support
passage 554.

When the holder 502, the filter plate 504 and
the disk 506 are stationary, the passage of light
through the assembly 88 is limited by the filter
plate aperiure 534 because it is the smallest one of
the three apertures. Further, the spatial or optical
apertures 538, 534, and 526 are always aligned
permitting light to pass through the filter plate
aperture 534 regardless of where it is located. The
position of the filter plate aperture 534 is moved by
rotating the assembly 88" with respect to the as-
sembly 90 or by rotating one or both of the disk
506 or the holder 502 with respect to the base 500.

When the disk 506 is rotated clockwise looking
down in Figures 5 and 5A until it stops rotating with
respect to the holder 502, the filter plate aperiure
534 is symmetric about the axis 501 of the assem-
bly 88", the tang 544 is at a first end of the annular
groove 524, and the pin 540 is close to the axis
501. From this position, if the disk 508 is rotated
counterclockwise looking down in Figures 5§ and 5A
with respect to the holder 502, the filter plate
aperture 534 moves in an arc away from the axis
501, the tang 544 moves along the annular groove
524 away from its first end towards its second end,
and the pin 538 moves along the groove 536 away
from the axis 501. The disk 506 stops rotating
counterclockwise with respect to the holder 502
when the tang 544 contacts the second end of the
annular groove 524. At any position of the filier
plate aperture 534 along the arc, the disk 506 and
the the holder 502 can be rotated in unison to
cause the filter plate aperture 534 to rotate about
the axis 501.

The second beam enhancing assembly 88’, as
just described and illustrated in Figures 5 and 5A,
is capable of blocking light from entering into the
photodetector assembly 90, except for light rays
passing through the optical apertures 538, 534, and
526. Like the enhancing assembly 88', the enhanc-
ing assembly 88’ is particularly useful when view-
ing” a birefringent object. In addition, this assembly
88 is particularly useful in detecting rays caused
by absorptive foreign bodies in the object and
scattering anomalies.

Referring to Figures 6 and 8A, there is illus-
trated a third embodiment 88" of the beam enhanc-
ing assembly 88 in accordance with the present
invention. This third beam enhancing assembly 88
comprises a base 602 including a cylindrical por-
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tion 604 for mounting on the photodetector assem-
bly 80. The cylindrical portion 604 is connected to
a support plate portion 606 having a circular pas-
sage 608 through it about an axis 610 for allowing
light to enter the photodetector assembly 90.

An iris diaphragm assembly 612, such as as-
sembly mode! no. 75.0175 from Rolyn Optics Com-
pany, is on the support plate portion 606. The iris
diaphragm assembly 812 includes a frame 614
from which a shutter or iris diaphragm 616 extends
to and from the axis 610 providing a variable ap-
erture with a diameter that is adjustable by an
actuating arm 618.

A cylindrical housing 620 with a window 622
and open ends is connected at one of its ends to
the plate portion 606. A sleeve support 624 is
positioned within the housing 620. The sleeve sup-
port 624 has two ends, an internal upper shoulder
626 and an internal lower shoulder 628. One of the
ends of the sleeve support 624 contacts the plate
portion 606. The iris diaphragm assembly 612 is
held in position by and between the internal lower
shoulder 628 and the internal lower shoulder 628.
The sleeve support 624 has a recess 630 in its
outer surface and a hole 632 in the recess 630.
The recess 630 is aligned with the window 622.
The cylindrical housing 620 can be secured to the
base 602 by screws, epoxy or any other suitable
means. The sleeve suppori 624 can be secured to
the housing 620 by screws, epoxy or any other
suitable means.

A rod or arm 634 passes through the window
622, the recess 630 and the hole 632 such that a
first end of the rod 634 exiends inside the sleeve
support 624 and a second end of the rod 634
extends outside the cylindrical housing 620. The
first end of the rod 634 supports a light biocking
black disk or member 636 generally perpendicular
to the axis 610. The disk 636 can be circular in
shape. A grip 838 is attached to the second end of
the rod 634. The sleeve support 624 includes a rod
or arm support 640 which extends through the
window 622 and into the recess 630 and is moun-
ted on the sleeve support 624 by pairs 642 of
screws and washers. The rod 634 is slidably sup-
ported in a passage, in a light tight manner, in the
support 640. Arms 644 of the support 640 posi-
tioned above and below the grip 638 prevent the
rod 634 from rotating.

A first biconvex lens 646 is supported on the
internal upper shoulder 626 of the sleeve support
624. A cylindrical spacer 648, which can be any
material such as plastic, is positioned inside and
contacting the sleeve 624 on the first biconvex lens
646. A second biconvex lens 650 rests on the
spacer 648. An annular retaining plate 652 is
mounted to the top end of the sleeve 624 by
screws 654 io secure the lenses 646, 650 and
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spacer 648 within the sleeve 624. 1

The third beam enhancing assembly 88", as
just described and illustrated in Figures 6 and 6A,
is particularly useful for detecting light scattered by
the object 70. The disk 636 is linearly positionable
within the sleeve 624 by moving the grip 638. The
disk 636 is angularly positionable within the sleeve
624 by rotating the base 602 with respect to the
assembly 90. As such, the disk 636 and the iris
diaphragm 616 can be positioned so that light
which is unaffected by the object 70 will be bloc-
ked and not pass to the assembly 90. In such a
case, light scattered by the object will be detected
by the assembly 90. The disk 636 and the iris
diaphragm 616 can be positioned with respect to
each other such that an annular or ring shaped
aperture is jointly defined by the disk 636 and the
iris diaphragm 616.

Referring to Figure 6B, there is illustrated a
fourth embodiment 88" of the beam enhancing
assembly 88 in accordance with the present inven-
tion. This fourth beam enhancing assembly gg"’
comprises a base 680 including a cylindrical por-
tion for mounting on the photodetector assembly
90". The cylindrical portion is connected to an
annular support plate portion.

One end of a cylindrical wall 670 is connected
to the annular support plate portion of the base
680. Another iris diaphragm or spatial filter assem-
bly 612, like the one dsscribed in relation to Fig-
ures 8 and 6A, is located in the cylindrical wall 670
adjacent the base annular support plate portion.

The other end of the cylindrical wall 670 has a
ring shaped projection 672 for inserting into a re-
cessed area of the housing 352. See Figure 3.

The cylindrical wall 670 has an internal shoul-
der 674 near its other end, the end with the projec-
tion 672. A biconvex lens 676 is held against the
shoulder 674 by a holder 678, such as a C-ring.
The lens 676 is positioned to focus light reflected
from the object 70 through the variable aperiure of
the iris diaphragm assembly 612 to an area on the
photomultiplier tube 682 of the photodetector as-
sembly 90 . As mentioned before, the signal repre-
sentative of light reflected from the object is sent to
a preamplifying module 94" (not depicted), to a
photodetector control module 96" (not depicted)
and then the computer system 86, specifically, for
instance, to the frame buffer 278. )

The fourth beam enhancing assembly 88" al-
lows a greater amount of light reflected from the
object 70 to be detected than through use of the
confocal arrangement previously described in rela-
tion to Figure 1.

Referring to Figure 6C, there is illustrated a
fith embodiment 88" of the beam enhancing as-
sembly 88 in accordance with the present inven-
tion. This fifth beam enhancing assembly 88" is
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the same as the fourth beam enhancing assembly
88" as described above, except a wavelength
selective filter is secured between the object and
the photomultiplier tube instead of an iris dia-
phragm assembly.

More specifically, the fifth beam enhancing as-
sembly 88" comprises a base 605 including a
cylindrical portion 607 for mounting on the
photodetector assembly 90'. The cylindrical portion
606 is connected to an annular support plate por-
tion 609.

One end of a tubular connector or housing 611
is connected to the annular support plate portion
609 of the base 605. A wavelength selective filter
assembly 613 is located in the tubular connector
611 between a biconvex lens 619 and the
photomultiplier tube 682. The wavelength selective
filter assembly can comprise a first band pass filter
assembly 613 adjacent the photodetector assembly
90', a second band pass filter assembly 635 adja-
cent the lens 619 and/or a dichroic beam splitter
assembly 633.

A second end of the tubular connector 611 has
a ring shaped projection 615 for inserting into a
recessed area of the housing 352. See Figure 3.

The tubular connector 611 has an internal
shoulder 617 near its second end. The biconvex
lens 619 is held against the shoulder 617 by a
holder 621, such as a C-ring. The lens 619 is
.positioned to focus light reflected from the object
70 through the wavelength selective filter 613 to an
area on the photomultiplier tube 682 of the
photodetector assembly 90". As mentioned before,
the signal representative of light reflected from the
object is sent to a preamplifying module 94" (not
depicted), to a photodetector conirol module 96" -
(not depicted) and then the computer system 86,
specifically, for instance, to the frame buffer 278.

The tubular connector 611 can have a third end
connected to an annular support plate portion 623
of a base 625. Another band pass filter assembly
627 can be located in the tubular connector 611
adjacent the base annular support plate portion
623. The base 625 has a cylindrical portion 629 for
mounting on a photodetector assembly 90" includ-
ing a photomuitiplier tube 631 which is electrically
connected to a preamplifying module 94" (not de-
picted), then to a photodetector control module 96"
(not depicted) and then to the computer system 86,
specifically, for instance, to the frame buffer 278.

The dichroic beam spiitter assembly 633 al-
lows wavelengths either above or below a certain
wavelength to pass through the dichroic beam
splitter assembly 633 through the band pass filter
assembly 613 to an area on the photomultiplier
tube 682 of the photodetector assembly 90" and
reflecis all other wavelengths through the band
pass filter assembly 627 to an area on the
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photomuliiplier tube 631 of the photodetector as-
sembly 90"

Referring to Figure 6D, there is illustrated a
sixth embodiment 88" of the beam enhancing
assembly 88 in accordance with the present inven-
tion. This sixth beam enhancing assembly 8g""”
comprises a base 641 including a cylindrical por-
tion 6843 for mounting on the photodetector assem-
bly 90". The cylindrical portion 643 is connected to
an annular support plate portion 645.

A wavelength selective filter assembly, such as
a band pass filter assembly 647, is connected to
the annular support plate portion 645. the band
pass filter assembly 647 comprises a housing 647,
a disk 851 rotatable about an axis, a plurality of
band pass filters 653 mounted in the disk 651 at an
equal radial distance from the disk axis of rotation,
and a motor assembly 655 supported by the hous-
ing 647 to rotate the disk 651 within the housing
647 to selectively position any one of the band
pass filters 653 in the path of light detected by the
photodetector assembly 90°. Each of the filters 653
permits a different range of light wavelenths to
pass through it and blocks all other wavelengths. A
suitable band pass filter assembly 647 can be
purchased under model number 77371 from Oriel
Corporation with offices in Statford, Connecticut.
The motor assembly 655 can be connected to the
computer system 86 such that an operator can
select by inputting through a keyboard the particu-
lar band of light wavelengths desired to be de-
tected by the photodetector assembly 90', thus,
selecting and rotating the corresponding filter 653
to be positioned in front of the photodetector as-
sembly 90’

One end of a cylindrical wall 657 is connected
to the housing 647. The other end of the cylindrical
wall 657 has a ring shaped projection 659 for
inserting into a recessed area of the housing 352.
See Figure 3.

The cylindrical wall 657 has an internal shoul-
der 661 near its other end, the end with the projec-
tion 659. A biconvex lens 663 is held against the
shoulder 661 by a holder 665, such as a C-ring.
The lens 663 is positioned fo focus light reflected
from the object 70 through the selected filter 653 of
the filter assembly 647 to an area on the photomul-
tiplier tube 682 of the photodetector assembly 90",
As mentioned before, the signal representative of
light reflected from the object is sent to a pream-
plifying module 94" (not depicted), to a photodetec-
tor control module 96" {not depicted) and then the
computer system 86, specifically, for instance, to
the frame buffer 278.

The fifth and sixth beam enhancing assemblies
88"'", 8" are used for luminescence microscopy.
The emission of light by certain objects is called
luminescence. There are different kinds of lumines-
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cence. First, fluorecence is light which is emitted
practically simultaneously with the introduction of
an excitation energy and which ceases as soon as
the exciting radiation ceases. Second, phosphores-
cence is light which is emitted and persists some
time after excitation is removed. For instance, laser
20 or laser 156 can be chosen to emit a beam 24
of light that stimulates, excites or causes an object
70 or particles in an object to fluoresce or emit
light The wavelength selective filter assemblies
613 and 647 are chosen to block all light from
passing through them including the wavelength(s)
of the laser beam 24 and allows only the flucres-
cent wavelengths being excited and emitted by the
object to be detected by the corresponding
photpdetector assembly. Furthermore, laser 20 and
laser 156 can be chosen to simultaneously emit
beams of light that stimulate, excite or cause an
object 70 or particles in an object to fluoresce or
emit different wavelengths of light. These different
wavelengths can be simultaneously or sequentiaily
detected by different photodetector assemblies in
the same enhancing assembly 88, such as in en-
hancing assembly 88'"", and/or by different
photodetector assemblies in different enhancing as-
semblies 88, such as having an enhancing assem-
bly 88" connected between the photodetector as-
sembly 90" and the housing 352 in Figure 3 and a
second enhancing assembly 88" connected be-
tween the photodetector assembly 168 and the
beam stop 166 in Figure 1.

Thus, the scanning laser microscope system
10 may serve the additional function of exciting
fluorescent molecules in the object 70. When used
for florescence microscopy, the light detected by
the photomultiplier tube and the image formed re-
present only the fluorescent portion of the object.
Since only very specific wavelengths will be ab-
sorbed or emitted by a particular fluorescent mol-
ecule, such as a fluorophore, the laser and the
wavelength selective filters must be chosen to al-
low dstection of the emitied fluorescence.

The object 70 may be of biological or other
origin.. The fluorescence may be due to
fluorophores naturally present in the object, or the
object may be treated with fluorescent molecules
to label desired components in the sample. Other
types of luminescence, such as, bioluminescence
and chemiluminescence, do not require excitation
by a light source to emit light.

The scanning laser microscope system 10 in
fluorescence mode may be used for the detection,
enumeration, and analysis of fluorescently labeled
bacteria, yeast, molds, and microbial spores. Any
method that fluorescently labels microorganisms

may be used, including treatment with direct flu-

orescent reagents, fluorescent tagged antibodies or
lectins for immunofluorescence or lectin fluores-
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cence assays, or fluorescent vital stains as indica-
tors of viability. Fluorescently labeled microorgan-
isms may be placed on any appropriate surface for
scanning.

Microorganisms isolated from food and bev-
erage samples, sanitation swabs, or clinical sam-
ples such as urine may be fluorescently labeled for
detection, enumeration, and/or determination of via-
bility. This approach may be used in place of, or in
addition to, traditional methods, including growing
microorganisms on selective, nutrient media and
other physiological/biochemical methods.

Furthermore, the word anomalies as used here-
in is intended to include to include fluorescent
molecules, particles or materials of biological or
non-biological origin.

Two Examples are provided below. Example 1
is provided to show that in its fluorescence mode
the scanning laser microscope system 10 may be
used for detection, enumeration, and analysis of
microorganisms directly stained with a fluorescent
reagent. Example 2 is provided to show that spe-
cific microorganisms in a sample may be
fluorescently labeled and then detected, enumer-
ated, and analyzed using the scanning laser micro-
scope system 10 of the present invention.

EXAMPLE 1

An aliquot of a yeast culture such as Candida
vini (availabie from American Type Culture Collec-
tion (ATCC), under ATCC number 18823, Rockville,
Maryland) in nutrient Bacto YM broth (available
from Difco Laboratories, Detroit, Ml) was vacuum
filtered onto a black polycarbonate filter (available
from Nuclepore Corporation, Pleasanton, Califor-
nia). The filter is rinsed with several milliliters (mis)
of 0.2 molar (M) phosphate buffered saline (PBS),
pH 7.0. The vacuum was removed, and the filter
was overlayed with a fluorescent stain, acridine
orange (available from Sigma Chemical, St. Louis,
MO) (50 micrograms (iLg) per mi of PBS, pH 7.0),
for 15 minutes. Vacuum was reapplied, and the
filter was rinsed in succession with several mis of
PBS, 100% iso-propanol to remove excess stain
bound to the filter, and again with PBS. The filter
was air-dried and placed on top of a glass micro-
scope slide with a drop of non-fluorescent immer-
sion oil and a cover slip.

An argon ion laser 156 operating at 488 nano-
meters (nm) wavelength scanned the sample. A
long pass absorbance filter 613 with a sharp cut-off
at 530 nm, number 51300 from Oriel Corporation,
Stratford, Conn., was placed before the photomul-
tiplier tube (PMT) 682 to absorb the reflected laser
light and pass the fluorescence light.
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This Example 1 shows that a culture may be
directly stained with a fluorescent reagent, such as
a vital stain which may be an indicator of call
viability, and that direct staining of microorganisms
may be used for detection, enumeration, and ana-
lysis of microorganisms in a sample using the
scanning laser microscope system 10 of the
present invention.

EXAMPLE 2

In an indirect immunofiuorescence assay (IFA),
a target microorganism is labeled with a primary,
non-conjugated antibody specific for microorgan-
isms containing the target surface antigen. Microor-
ganisms with bound antibody are fluorescently
labeled using a fluorescein isothiocyanate-conju-
gated (FITC) secondary antibody which recognizes
the primary antibody. The labeled microorganisms
may be placed on an appropriate surface and
imaged using the scanning laser microscope. As in
Example 1, an argon ion laser 156 operating at 488
nm wavelength scans the sample. A long pass
absorbance filter 613 with a sharp cut-off at 5§30
nm, number 51300 from Oriel Corporation, is
placed before the PMT 682 fo absorb the reflected
laser light and pass the fluorescence light.

The success of this method is largely depen-

dent on the selectivity and cross-reactivity of the
antibodies used. Primary and secondary antibodies
with low affinity may prevent enough FITC-con-
jugated secondary antibody from binding to allow
for detection of labeled microorganisms. Antibodies
with high cross-reactivity will cause a high back-
ground fluorescence, thus decrease the probability
of selectively detecting the desired microorgan-
isms.
- To show that microorganisms labeled with
FITC-conjugated antibodies could be detected with
the scanning laser microscope system 10, a sam-
ple of yeast cells was directly stained with FITC
reagent and scanned. A 10 m! sample of a yeast
culiure Torulopsis sonorensis (ATCC number
56511, American Type Culture Collection, Rock-
ville, Maryland) grown overnight in nutrient YM
broth (available from DIFCO Laboratories) was
placed in a 15 ml centrifuge tube. The culture was
centrifuged for 10 minutes at 3000 g fo form a
yeast pellet. The eluent was removed, and the
pellet resuspended in° 10 ml of 01 M
carbonate/bicarbonate buffer, pH 9.2. The yeast
sample was washed in this manner 3 times.

Two mi of the resuspended yeast cells were
placed in a second 15 ml! centrifuge tube, mixed
with 0.4 ml of FITC reagent (10 milligrams (mg) per
mi of 0.1 M carbonate/bicarbonate buffer, pH 9.2),
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and kept in the dark for 30 minutes. Excess FITC
was removed by washing 3 times with 2 mls of the
buffer by centrifugation. The FITC-labeled yeast
cells were vacuum filtered onto a black polycar-
bonate filter (available from Nuclepore Corporation)
and washed with 10 mi of the buffer. The filter was
air-dried and placed on top of a glass microscope
slide with a drop of non-fluorescent immersion oil
and a cover slip.

An argon ion laser 156 operating at 488 nm
wavelength scanned the sample. A long pass ab-
sorbance filter 613 with a sharp cut-off at 530 nm,
number 51300 from Oriel Corporation, was placed
before the PMT 682 to absorb the reflected laser
light and pass the fluorescence light.

The FITC-labeled yeast cells were successfully
imaged on the scanning laser microscope system
10. Since FITC is a common light emitting tag
being bound to the antibody in an im-
munofluorescence assay or a lectin in a lectin
fluroescence assay, specific microorganisms in a
sample may be detected, enumerated, and ana-
lyzed using assays in which microorganisms are
labeled with antibodies or lectins conjugated to a
light emitting tag, such as FITC, with the scanning
laser microscope system 10 of the present inven-
tion.

Any one of the above descnbed enhancmg
assemblies 88, 88", 8", 88" , 88" and 88" can
be connected in the position lllustrated in Figure 1
for the enhancing assembly 88, in which case the
assembly 88 receives light transmitted through and
emitted from the object 70. In addition, any one of
the above descnbed enhancmg assemblies 88,
88", 8", 88", 88" and 88" can be connected
between the photodetector assembly 90 and the
housing 352 as illusirated in Figure 3, in which
case the assembly 88 receives light reflected and
emitted from the object 70. In addition, any one of
the above descnbed enhancmg assemblies 88,
88", 8", 88’ " 88" and 88""" can be connected
between the photodetector assembly 168 and the
beam stop 166 (see Figure 3), in which case the
assembly 88 receives light reflected and emitted
from the object 70 in a confocal arrangement.

Referring to Figure 7, there is illusirated a
preferred embodiment of the preamplifier circuit
152 capable of use in the system of Figures 1 and
2. The purpose of the preamplifier circuit 152 is to
convert a current mode ouiput of the photodetector
148 into a voltage signal of a level useable by the
pixel clock module 154. Although the circuit of
Figure 7 is a preferred embodiment, any circuif that
serves this purpose can be used. When the pream-
plifier circuit 152 depicted in Figure 7 is used, the
photodetector 148 is operated in a reverse biased
mode as is well known in the art. This preferred
preamplifier circuit 152 is similar to and can be
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further understood by reference to the circuit par-
ticularly described in Integrated Circuits Data
Handbook, Burr-Brown GCorporation, Chapter 1,
page 189, 1986.

The preamplifying module 94 can be similarly
configured to the aforedescribed preamplifier cir-
cuit 152. However, in Figures 1 and 2, the
photomultiplier module 96 provides the high volt-
age to the photodetector assembly 90. One skilled
in the art having this disclosure before him can
design numerous preamplifying circuits or modules
capable of use for circuit 152 and module 94 in the
present system.

Figure 8 depicts a preferred embodiment of the
scan detection circuit 136 suitable for use in the
system of Figures 1 and 2. For a detailed descrip-
tion of this scan detection circuit, see Laser Ap-
plications, Volume 4, edited by Goodman and
Ross, pages 171-173, 1980. The circuit depicted in
Figure 8 illustrates a preferred embodiment of the
scan detection circuit useable in the present inven-
tion. However, any circuit may be used as long as
it can provide signals to the frame storage control
module 140 indicating the precise position of the
beam 24 on the object 70 at the beginning of each
scan of the beam across the object.

Figure 9 is a schematic representation of the
frame storage control module 140 and the operator
control panel 204 of Figure 2. One purpose or
function of the frame storage control module 140 is
to generate control signals to synchronize a digital
frame storage unit 271 in the computer system 86
to the actual position of the beam on the object.
Based on the control signals from the frame stor-
age control module 140, the digital frame storage
unit 271 samples, digitizes and stores the detected
signal from the photodetector assembly 80 at pre-
cisely spaced intervals. The digital signals are
stored in memory locations corresponding to the
position of the beam 24 on the object 70. Another
purpose of the frame storage control module 140 is
to generate a beam position reference signal to be
used by the galvo conirol module 116 which ad-
justs the drive current to the galvanometer 56 to
cause the actual beam position to accurately track
the beam reference signal.

The frame storage conirol module 140 com-
prises a frame storage control circuit 226, a scan-1
circuit 242, a scan 2 cizcuit 244, and a scan 3
cizcuit 24 6. The frame storage control circuit 226
is connected to the scan-1 circuit 242 by four lines
248, three of the lines 248 are for sending signals
from the frame storage control circuit to the scan-1
circuit 242, one of the lines 248 is for sending
signals from the scan-1 circuit 242 to the frame
storage control circuit 226. The scan-1 circuit 242
is connected to the scan-2 circuit 244 by three
lines 250, two for sending signals from the scan-2
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circuit 244 to the scan-1 circuit 242, one for send-
ing signals from the scan-1 circuit 242 to the scan-
2 circuit 244. A line 252 connects one of the lines
250 (which is for sending signals from the scan-2
circuit 244 to the scan-1 circuit 242) to the frame or
image storage control circuit 226 for sending sig-
nals from the scan-2 circuit 244 to the frame stor-
age control circuit 226. A line 254 connects the
frame storage control circuit 226 o the scan-2
circuit 244 for sending signals from the frame stor-
age control circuit 226 to the scan-2 circuit 244, A
data bus 256 with 9 lines connects the scan-2
circuit 244 for sending signals to the scan-3 circuit
246.

The frame storage control module 140 receives
signals or inputs over line 138 from the scan detec-
tion circuit 136 to the frame storage control circuit
226, over line 176 from the start of rotation detector
174 to the frame storage control circuit 226, over
line 153 from the pixel clock module 154 to the
frame storage control circuit 226, over lines 228
from controls or switches 230 on the operator panel
204 to the scan-1 circuit 242, and over two data
buses 232, each having twelve signal paths or
lines, from switches 234, such as thumbwhesl
switches, on the operator panel 204 to the scan-2
circuit 244. The frame storage control module 140
sends signals over three lines 216 to the computer
system 86 from the frame storage control circuit
226, over line 116 to the galvanometer control
module 116 from the frame storage control circuit
226, and over a data bus 238 to a display 240 on
the operator panel 204 from scan-3 circuit 246.

Figure 10 is a detailed functional block diagram
of the frame storage control module 140 for use in
the system of Figures 1 and 2. Referring to Figure
10, the frame storage control circuit 226 receives
signals from the scan detect circuit 136 and the
pixel clock module 154, hereafter called SCAN
DETECT signals and PIXEL CLOCK signals, re-
spectively. The SCAN DETECT signals are fed into
a pulse synchronization (sync) integrated circuit
(IC) 1002, such as a 74120. Clock signals are
generated by a crystal clock module 1001 such as
a 5406-4M from MF Electronics of New Rochelle,
New York and sent to the pulse sync IC 1002. The
pulse sync IC 1002 gates the CLOCK signals on at
an occurrence of a SCAN DETECT signal sending
the gated CLOCK signals or pulses to a 12 bit
down counting circuit 1004, otherwise calied a 12
bit divide by M counter 1004, which functions fo
create one output pulse for each M input puises.
The 12 bit counter 1004 may for instance, com-
prise three cascaded 4 bit counter ICs, such as
74F193 ICs. Data inputs to these counters 1004 are
preselected binary numbers or values which are
typically selected using pull-up resistors and
switches connected to ground. When the last of the
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cascaded counters 1004 has reached a count equal
to 0, it outputs a pulse to a one shot 1006 which in
turn reloads the counters 1004 to their initial or
starting count values. The pulse sync IC 1002, the
counter 1004 and the one shot 1008 function as a
delay circuit 1007. The output pulse from the one
shot 1006 is fed to a power driver IC 1008, such as
a 745140, which sends DELAYED SCAN DETECT
signals over one of the lines 248 to the scan-1
circuit 242,

In a similar fashion, a second set of devices
comprising a pulse sync ICG 1010, a 12 bit counter
1012 and a one shot 1014 function as a second
delay circuit 1015 using the PIXEL CLOCK signals
from the pixei clock module 154 in place of the
CLOCK signals to provide a pulse to reset a hori-
zontal drive flip-flop 1016 which turns off a HORI-
ZONTAL DRIVE gate signal. When the flip-flop
1016 is reset, it provides an input to an AND gate
1018 which in turn enables the PIXEL CLOCK
pulses to drive a 512 count circuit comprising a 12
bit counter 1020 and a one shot 1022. When the
output of the one shot 1022 is active, it sets the
flip-flop 1016, thus, turning on the HORIZONTAL
DRIVE gate signal. An output of the flip-flop 1016
is fed to a driver circuit 1024 which sends HORI-
ZONTAL DRIVE signals over one of the lines 216
o the frame buffer 272. Similarly, an output of the
AND gate 1018 is fed to a driver circuit 1026 which
sends gated PIXEL CLOCK signals to the frame
buffer 272 over one of the lines 216.

The start of rotation sensor 174 is used to
ensure that each frame begins using the same
facet or face of the rotor 30. lts output signal which
occurs once ‘each revolution of the rotor 30, is
ampilified in a circuit 1028 and sent to a Schmitt
Trigger circuit 1030, such as a 74LS14, which
converis the signal to a digital logic signal. The
digital logic signal is fed to an AND gate 1032.

The other input of the AND gate 1032 is driven
by a flip-flop 1034 which is set by an eight bit
vertical interval counter 1036 which counts the DE-
LAYED SCAN DETECT signals from the delay cir-
cuit 1007. The output of the AND gate 1032 drives
a one shot 1038 which produces a START SCAN
signal which is sent over one of the lines 248 to the
scan-1 circuit 242. The output of the one shot 1038
also loads the vertical interval counter 1036 to its
initial value and sets a flip-flop 1040.

When the last scan of a frame has been
reached, a SCAN COUNT=S8TOP VALUE signal
from the scan-2 circuit 244 over line 252 enables
one input of an AND gate 1044 permitting the
DELAYED SCAN DETECT signal from the delay
circuit 1007 to activate a one shot 1046. The one
shot 1046, in turn, resets the flip-flop 1040, pro-
vides a STOP SCAN signal to the scan-1 circuit
242 over one of the lines 248, and resets the flip-
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flop 1034.

When the flip-flop 1040 is reset, it enables an
input to an AND gate 1042 which also receives the
delayed scan detect signals from the delay circuit
1007. This enables the DELAYED SCAN DETECT
signals to drive the vertical interval counter 1036.
When the flip-flop 1040 is set, it disables the AND
gate 1042.

The output of the flip-flop 1040, also provides a
LOAD SCAN COUNT ‘(auto mode) signal to the
scan-2 circuit 244 over line 254 and to a driver
1048 which in turn sends VERTICAL DRIVE signals
on one of the lines 216 to the frame buffer 272.

Figure 11 shows a detailed functional block
diagram of the scan-1 circuit for use in the module
of Figure 9. Referring to Figure 11, the five input
switches 230 on the operator panel 204 can be
pushbuttons and are connected to a switch de-
bounce circuit 1102, such as a MC14490, to ensure
bounce free transition or signals when the buttons
230 are actuated. The buttons 230 can be named a
cycle button, an auto button, a manual button, a
single step button, and a reset buiton.

The outputs of the auto and manual buttons
230 set and reset a manual/auto mode flip-flop
1104. When the flip-flop 1104 is set (i.e., automatic
mode), one of its output signals enables an AND
gate 1106. This AND gate 1106 then permits the
START SCAN signal from the frame storage con-
trol circuit 226 over one of the lines 248 to drive
one input of an OR gate 1108 which drives a one

* shot 1110. The output of the one shot 1110 is a

puise which sets a flip-flop 1112, The output of the
flip-flop 1112 enables one input of an AND gate
1114 which then permits the DELAYED SCAN DE-
TECT signals to drive an input of an OR gate 1116
which generates the SCAN COUNT CLOCK signals
sent to the scan-2 circuit 244 over one of the lines
250.

When the f{lip-flop 1104 is reset (i.e., manual
mode), the other output of the flip-flop 1104 en-
ables an AND gate 1118 with another input being
the output from the single step button 230. When
the single step pushbutton 230 is depressed, the
output of the AND gate 1118 enables a pulse
synchronization (sync) circuit 1120 which produces
one output pulse when the next delayed scan de-
tect pulse arrives at its other input. The output of
the pulse sync circuit 1120 is sent to the other
input of the OR gate 1116 to produce the scan
count clock signal to be sent to the scan-2 circuit
244. When the cycle button is depressed, a signal
is sent to the other input of the OR gate 1108 and
then to the one shot 1110. The output pulse from
the one shot 1110 sets the flip-flop 1112 which
operates as previously described. )

When the reset button is depressed, its output
is sent to inputs of a first OR gate 1122 and a
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second OR gate 1124. The output of the first OR
gate 1122 resets the flip-flop 1112. The second OR
gate 1124 output generates the LOAD SCAN
COUNT (manual mode) signal which is sent to the
frame storage control circuit 226 over one of the
lines 248. The other two inputs to the first OR gate
1122 are the STOP SCAN signal which comes
from the frame storage conirol circuit 226 and the
SCAN COUNT =512 signal which comes from the
scan-2 circuit 244. The other two inputs to the
second OR gate 1124 are the STOP SCAN signal
from the frame storage control circuit 226 and the
SCAN COUNT=STOP VALUE signal from the
scan-2 circuit 244.

Figure 12 shows a detailed functional block
diagram of the scan-2 circuit for use in the module
of Figure 9. Referring to Figure 12, three switches,
such as binary coded decimal (BCD) thumbwheel
switches 234, on the operator panel 204 are set to
a desired START SCAN COUNT value by the
operator. The BCD output signals from these
switches 234 are converted to a 10 bit binary
representation by a BCD to binary converter circuit
1202. This 10 bit representation is sent to a 10 bit
binary counter 1204, called a scan counter 1204.
The LOAD SCAN CQOUNT signal over line 254 from
the frame storage control circuit 226 permits the
loading of the 10 bit representation into the counter
1204. The counter 1204 increments each time a
pulse occurs in the SCAN COUNT CLOCK signal
over one of the lines 250 from the scan-1 circuit
242. The output of the counter 1204 is sent to a 10
bit binary comparator 1206 and to the scan-3 cir-
cuit 246 over the bus 256. The most significant bit,
i.e., the bit that represents a count of 512, is sent
over ong of the lines 250 to the scan-1 circuit 242.

The other input of the binary comparator 1206
is driven by a binary representation of a STOP
SCAN COUNT signal which has been input through
switches 234 and converted to the binary repre-
sentation by a BCD to binary converter 1208 in
similar fashion.

When the output of the scan counter 1204
equals the STOP SCAN COUNT value, the output
of the comparator 1208 becomes active producing
a SCAN COUNT=STOP VALUE signal which is
sent to the frame storage control circuit 226 over
the line 252 and to the scan-1 circuit 242 over one
of the lines 250.

Figure 13 shows a detailed functional block
diagram of the scan-3 circuit for use in the module
of Figure 9. Referring to Figure 13, the 10 bit
output of the scan counier 1204 in the scan-2
circuit 244 is sent over the bus 256 to a 10 bit
multiplying digital to analog converter (DAC) 1302.
A precision voltage reference 1304 supplies a ref-
erence input to the converter 1302. The output of
the DAC 1302 is fed to one input of a difference
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amplifier 1306. The other input of the difference
amplifier 1306 is driven by a potentiometer 1308
which is in turn connected to the precision voltage
reference 1304, The potentiometer 1308 provides
capability to adjust the middle point of the output of
the amplifier 1306 to zero. The output of the am-
plifier 1306 is sent to a variable gain buffer am-
plifier 1310 whose gain can be adjusied between
zero and one. The output of the buffer amplifier
1310 is a Y-SCAN REFERENCE signal which is
sent over line 210 to the galvo control module 1186.

The output of the scan counter 1204 is also
sent to a binary to BCD converter 1312 which in
turn sends SCAN COUNT DISPLAY signals over
the bus 238 to drive a three digit display 240 on
the operator panel 204 to show the scan count
representing the instantaneous y position of the
beam on the object.

Figure 14 is a schematic representation of the
galvanometer control module 116 of Figures 1 and
2. The galvo control module 116 receives and
amplifies a signal representative of the actual beam
position in the second direction. Then it receives
the desired beam position Y-SCAN REFERENCE
signal and compares the two signals. Based on the
comparison, the galvo control module 116 modifies
the drive current of the galvanometer 56 to cause
the actual beam position in the second direction to
accurately track or conform to the desired beam
position.

This module 116 comprises a beam position
amplifier circuit 258 which provides signals over a
line 262 to a galvanometer or galvo driver circuit
260.

The galvo control module 116 receives signals
over first and second lines of cable 114 from the
light position sensor 112 {o the beam position
amplifier circuit 258 and over line 210 from the
scan-3 circuit 246 to the galvo driver circuit 260.
The galvo control module 116 sends bias voltage
over a third line of cable 114 from the beam
position ampiifier circuit 258 to the position sensor
112, and over the two lines of cable 118 from the
galvo driver circuit 260 to the galvo assembly 58.

Figure 15 is a detailed functional block diagram
of the galvanometer control module 116 suitable for
use in the system of Figures 1 and 2. Referring to
Figure 15, the two outputs of the position detector
or sensor 112 provide signals that are proportional
to the position of the light beam on the detector
112. The detector 112 is operated in a back biased
current mode. The first output of the detector 112
is sent to a current to voltage amplifier 1502 similar
to the preamplifier circuit 152 previously described.
The output of the amplifier 1502 is fed to a sum-
ming amplifier 1504 and a difference amplifier
1506.

The other output of the detector 112 is simi-
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larly configured providing its output to another cur-
rent to voltage amplifier 1508. The output of the
current to voltage amplifier 1508 provides the sec-
ond input {0 the summing amplifier 1504 and the
second input to the difference amplifier 15086.

The outpuis of the summing amplifier 1504 and
the difference amplifier 1506 are sent to the de-
nominator (D) input and the numerator (N) input,
respectively, of an analog divider 1510, such as a
Burr-Brown 4291 divider. The output'of the divider
1510 is equal to N divided by D, multiplied by ten
(10), i.e., (N/D)x10. By dividing the difference signal
by the summing signal, variations in the output
level of the divider 1510 due to the variations in the
incident beam intensity on the detector 112 are
eliminated or minimized.

The output of the divider 1510 is sent {o a
buffer or non-inverting amplifier 1512 having a gain
of one (1). This output, called the POSITION ER-
ROR CORRECTION signal, is fed to a summing
amplifier 1514. The other inputs to the summing
amplifier 1514 are the Y-SCAN REFERENCE signal
from the scan-3 circuit 246 and the output of a zero
adjustment potentiometer 1516. The potentiometer
1516 allows for adjustment of the mid-range posi-
tion of the galvomenter 56.

The output of the summing amplifier 1514 is
sent to a servo compensator 1518 which can be a
lag-lead compensator similar fo that described in
D'Azzo and Houpis, Feedback Control System Ana-
lysis and Synthesis, pages 109-110, 1960.

The compensator 1518 ensures stability (i.e.,
prevents ringing and oscillation) of the servo loop
formed by the galvanometer conirol module 116
and the position detector 112.

The output of the compensator 1518 drives one
input of a driver amplifier 1520 which in turn drives
a push-pull power amplifier 1522. The push-pull
amplifier 1522 provides the drive current to coils in
the galvanometer 56. A feedback resistor 1524
senses the actual current in the galvanometer coils
and provides a negative feedback voltage to the
driver ampilifier 1520.

Figure 16 is a schematic representation of the
photomultiplier control module 96 of Figures 1 and
2. The function of the photomultiplier control mod-
ule 96 is to form a long term average of the
amplified detected signal from the assembly 90.
The long term average is used to conirol the high
voltage supplied to the assembly 90, thereby, con-
trolling its gain. The photomuitiplier control module
96 ensures a substantially constant gain of the
photodetector assembly 90 over an entire frame.

The photomultiplier control module 96 com-
prises a high voltage (e.g., 3,000 volts) power sup-
ply 264 connected by a line 270 to an automatic

gain control (AGC) and video amplifier 266. An

illustrative power supply 264 can be obfained un-
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der model 205A-03R from Bertan Associates of
Hicksville, New York. The power supply 264 re-
ceives signals over line 270 from the AGC and
video amplifier 266.

The photomuitiplier conirol module 96 sends
high voltage over the line 97 from the power supply
264 to the photomultiplier assembly 90 and over
the line 93 from the AGC and video amplifier 266
to a frame buffer 272 in the computer system 86.
The photomultiplier control module 96 receives sig-
nals over the line 95 from the preamplifying mod-
ule 94 to the AGC and video amplifier 266.

Figure 17 is a detailed functional block diagram
of the photomuitiplier control module 96 suitable for
use in the system of Figures 1 and 2. Referring to
Figure 17, the output from the preamplifying mod-
ule 94 is sent to a buffer or non-inverting amplifier
1702 having a gain of two (2). The output of this
amplifier 1702 is sent over line 93 to the frame
buffer 272. The output of the amplifier 1702 is also
sent to a low pass filter 1704 having a time con-
stant of about two seconds. The polarity of the
output of the filter 1704 is inverted by an inverting
amplifier 1706. The output of the amplifier 1706 is
sent to the summing junction of an integrating
amplifier 1708. A set point 1710 provides a second
input to the summing junction of the amplifier 1708,
The amplifier 1708 has an output limiting circuit
which prevents its output from going negative.

The output of the integrating amplifier 1708 is
sent to a variable gain ampilifier 1712 which allows _
one fo control the gain of the module 96. The
output of the amplifier 1712 is inverted by an
inverting amplifier 1714 to provide the required
polarity input to the high voltage power supply 264.
The power supply 264 provides a high voltage to
the photodetector assembly 80 which is propor-
tional to the input voltage to the power supply 264.

Figure 18 is a schematic representation of the
pixel clock module 154 of Figures 1 and 2. The
pixel clock module 154 contains a phase-locked
loop circuit having an input and an output. The
phase-locked loop circuit synchronizes the phase
of its output signal with the phase of its input signal
such that for each amplitude peak of the input
signal an amplitude peak of the output signal oc-
curs coincidentally. In addition, the pixel clock
module 154 multiplies the frequency of the input
(which corresponds to amplitude cycles per unit
distance on the ronchi ruling 144) by a predeter-
mined number N in a range of 1-16, typically 3 or
4, to form the output signal.

The pixel clock module 154 receives an am-
plitude varying signal. This signal is created by the
fourth beam portion 142 passing through the ronchi
ruling 144 as the fourth beam portion 142 is being
scanned in the first (x) direction. The scanning
pattern of the fourth beam portion 142 is analogous
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to the scanning pattern of the beam 24 as it is
reflected in the first direction towards the first lens
50. Thus, the position of the fourth beam portion
142 on the ronchi ruling 144 is representative of
the position of the beam 24 in one direction on the
object 70. The ronchi ruling 144 modulates the
intensity of the fourth beam portion 142 as the
beam portion 142 passes across it. Since the ron-
chi ruling 144 has parallel lines which are equally
spaced apart and the rotor 30 is rotating at con-
stant angular velocity, the frequency per unit time
of the signal sensed by sensor 148 wili vary de-
pending on the vector component of the velocity of
the fourth beam portion 142 in the plane of the
ronchi ruling 144. Otherwise stated, since the ron-
chi ruiing 144 has parallel lines which are equally
spaced apart, the signal recesived by the
photodetector 148 will vary in amplitude corre-
sponding to the position of the fourth beam 142
which is synchronous with the scanning pattern of
the beam 24. Spot velocity variations caused by
the optical system will equally affect the fourth
beam portion 142 and the scan beam 24. In addi-
tion, variations in the angular velocity of the rotor
30 will equally affect the fourth beam portion 142
and the scan beam 24, Thus, the signal from the
photodetector 148 will precisely track the motion of
the beam portion 142 as it traverses the ronchi
ruling 144. The signal from the photodetector 148
will have a temporal frequency that corresponds to
the spatial frequency (i.e., the lines per unit dis-
tance) of the ronchi ruiing 144, modulated by the
variations due to the optics and rotor velocity The
pixel ¢clock module 154 multiplies the temporal
frequency of the signal generated by the
photodetector 148 resulting in a very precise PIXEL
CLOCK output signal representative of the spatial
position of the beam 24 on the object plane 70 in
one direction.

The pixel clock module 154 comprises a phase
detector 251, a voltage controlied oscillator (VCO)
255, and a divide by N counter 259. An illusirative
phase detector 251 and oscillator 255 useable in
this system can be obtained under Part No. NE5S64
by Signetics Corporation in Sunnydale, California.
The phase detector 251 is connected, and sends
signals, to the voltage controlled oscillator (VCO)
255 over a line 253. The voltage controlled oscilla-
tor 255 is connected, and sends signals, o the
divide by N counter 259 by a line 257. The divide
by N counter 259 is connected, and sends signals,
to the phase detector 251 by a line 261.

The pixel clock module 154 receives signals
over the line 151 from the pfeamplifying circuit 152
o the phase detector 251. The pixel clock module
154 sends signals over the line 153 from the line
257 to the frame or image storage control module
140.
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Figure 19 is a detailed functional block diagram
of the the pixel clock module 154 suitable for use
in the system of Figures 1 and 2. Referring to
Figure 19, the output of the preamplifier circuit 152
is fed to one input of an analog comparator 1902
which compares the incoming signal to a fixed DC
reference voltage provided to the comparator's
second input. The output of the comparator 1902 is
compatible with digital logic circuitry and sent {0 an
inverter 1904 that inverts the polarity of the signal.
The output of the inverter 1904 is fed to a FM input
of a phase-locked loop IC 1906, such as a NE564.
The output of a voltage controlied oscillator (VCO)
1912 which is included in the phase locked loop IC
1906 is sent to an inverter 1914. The primary
frequency of the VCO 1912 is set by a capacitor
C1 and is adjust so that the frequency is approxi-
mately that desired for the PIXEL CLOCK signal.
Capacitors C2 and C3 are selected so that high
frequency signals are filtered out, allowing an error
signal of interest internal to the IC 1906 to be fed
cleanly to the VCO input.

The output of the inverter 1914 is sent o a
clock input of a 4 bit binary counter 1916 config-
ured as a divide by N counter. The divide by N
counter 1916, input values can be selected with
individual switches having associated pull-up resis-
tors. The output of the counter 1916 is fed to a D
flip-flop 1918 which is configured to divide the
frequency of its input by two (2). Thus, the output
of the D flip-flop 1918 is a square wave whose
frequency is 1/2N of the input of the pixel clock
module 154. The output of the flip-flop 1918 is
inverted by an inverter 1920 and then fed to a
phase comparator input of the phase-locked loop
IC 1906.

The output of the inverter 1914 is also sent to
another inverter 1922 which sends its output, the
PIXEL CLOCK signal, to the frame storage control
module 140 over line 153.

The phase-locked loop IC 1906 adjusts the
frequency of its voltage controlled oscillator (VCO)
1912 {o minimize the phase error between its FM
input and its phase comparator input. As a result,
the output frequency of the VCO 1912 will be 2N
times the input frequency of the pixel clock module
154,

The spatial frequency of the signal generated
by the fourth beam portion 142 passing through the
ronchi ruling 144 is known to vary. Thus, the output
of the pixel clock module 154 is designed to vary
also, being 2N times the spatial frequency of the
input to the module 154,

One advantage of this pixel clock module 154
is that this module generates a PIXEL CLOCK
signal that has a spatial resolution variably much
greater than a signal sensed from scanning a beam
over a ronchi ruling without difficuities associated in
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reducing the diameter of the fourth beam portion.

Figure 20 is a schematic representation of the
computer system 86 and the stage controller sys-
tem of Figures 1 and 2. The computer system 86
comprises a central processing unit (CPU) 274
connected by an internal data bus 275 and inter-
connecting lines 277 to (1) the frame buffer 272
which is connected to a video display 292, (2) an
arithmetic logic unit (ALU) 276, (3) a serial interface
282 which is connected to a terminal 296 with
operator input means, such as, a keyboard, a
keypad, a mouse and/or a light pen, a printer 298,
and the stage controller module 82, and (4} means
for storing one or more operating programs and
data generated by the scanning laser microscope
system 10, such as, one or more of a disk storage
and drive device 284, a magnetic cassette tape
storage and drive device 286, a random access
memory (RAM) 288, or a floppy disk or diskette
storage and drive device 290. The computer sys-
tem 86 may optionally include a second frame
buffer 278 (connected to a second video display
294 ) and a second ALU 280 for receiving signals
from the sensor or second photodetector assembly
168. The frame buffers 272, 278 are connected by
lines 279 to the ALU'S 276, 280.

For illustration purposes, the following parts
can be obtained from Digital Equipment Corpora-
tion (DEC) of Marlboro, Massachusetts, under the
specified model numbers:
the central processing unit (CPU) 274 -model
630QB-A2
the serial interface 282 -model DVQ-11-M
the terminal 296 -model VT-220AZ
the disk storage and drive device 284 -modeis: RD-
50A-5A and RQDX3-BA
the tape storage and drive device 286 -models TK-
50-AA and TQK-50-BA
the memory 288 -model CMX-830
and )
the diskette storage/drive device 290 -models 800-
Kb and RX50-A-BA.

The digital frame. storage unit 271 comprises
the frame buffer 272 and the ALU 276. Acceptable
frame buifers and ALU'S useable in the present
system can be obtained from Data Transiation In-
corporated located in Marlboro, Massachusetts, un-
der model numbers DT-2651 and DT-2658, respec-
tively.

The computer system 86 receives signals over
lines 216 from the digital frame or image storage
circuit 226 to the frame buffers 272, 278, and over

line 93 from the AGC and video buffer 266 to the

frame buffers 272, 278.

In operation, the object is placed on the stage
assembly 74. The operator inputs information at
the terminal 296, such as identification data con-
cerning the object and information selecting de-
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sired stage positions o be used. The CPU 274
responds by instructing the stage control module
82 to position the stage as selected or programed.
The CPU 274 further instructs the frame buifer 272
to begin receiving detected signals from the as-
sembly 90 and/or the frame buffer 278 to begin
receiving data.

When the stage assembiy 74 is in its first
programmed position, the frame buffer 272 (and/or
278) samples, digitizes and stores the detected
signal from the assembly 90 at precisely spaced
intervals while the beam is being scanned in its
raster pattern. These stored signals comprise a
frame of detected signals or data. The stored sig-
nals are then typically transferred to one of the
forms of archival storage, i.e., 284, 286, or 290, or
the memory 288. Then the stage control module 82
repositions the stage such that another frame of
data can be acquired. This is repeated until a
desired number of frames or images has been
acquired.

The video display 292 can present a pictorial
representation of the stored data where each sam-
ple is displayed in a location on its screen cor-
responding to the position that the beam was on
the object for that sample:

The ALU 276 is capable of performing standard
image processing functions on the stored data in-
cluding adjusting brightness levels, edge enhance-
ments, filtering to reduce unwanted noise, etc.

The second frame buffer 278 performs the
same functions on the signal from the sensor 168
after the signal has been amplified and its gain
conirolled similar to the signal detected by the
assembly 90. Alternatively, the second frame buffer
278 can be parallel connected to sample a frame of
detected signals from the assembly 90 when the
first frame buffer 272 is transferring its stored sig-
nals such as to archival storage. Furthermore, a
frame stored in the buffer 272 can be combined
with a corresponding frame stored in the buffer 278
to enhance details that may be undiscernable in
the individual images.

The present invention can be implemented in a
variety of hardware and software configurations as
will be apparent to those skilled in the art. An
illustrative software embodiment for operating the
aforesaid system is included in an Appendix to this
specification. The software program is written in the
"C" language and appears immediately before the
claims.

" Those skilled in the art, having the bensfit of
the teachings of the present invention as
hereinabove set forth, can effect numerous modi-
fications thereto. These modifications are to be
construed as being encompassed within the scope
of the present invention as set forth in the appen-
ded claims.
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Claims

1. A scanning laser microscope system for
assisting in the characterization of an object, the
system comprising:

a first laser for producing a first linearly polarized,
substantially collimated, single wavelength beam of
light having an axis;

means for scanning the beam in a raster scanning
fashion in a first direction across a scanning plane
of the object and in a second direction perpendicu-
lar to the first direction across the scahning plane
of the object;

means for enhancing light from the object by in-
creasing contrast between anomalies and a remain-
der of the object;

means for detecting light from the enhancing
means and for generating electrical signals repre-
sentative of the intensity of the detected light; and
means for creating an image representative of the
scanning plane of the object from the detected
light.

2. The system of Claim 1, wherein:
the object comprises a birefringent, partially trans-
parent material.

3. The system of Claim 1, wherein the scan-
ning means comprises:

a rotor rotatable about a rotor axis and having a
circumferential side with a plurality of reflective
facets, the rotor positioned to receive the beam on
one of the facets;

means for rotating the rotor to cause the beam axis
to scan in the first direction across the scanning
plane of the object;

first optical méans for directing the beam axis from
the rotor at varying angles of incidence to a first
point;

a planar mirror rotatable about a mirror axis per-
pendicular to the rotor axis and intersecting the
point, the mirror positioned to receive the beam
from the first optical directing means;

a galvanometer connected to the planar mirror to

cause the planar mirror to move about the mirror
axis and to cause the beam axis to also scan in the
second direction across the scanning plane of the
object, thereby defining a raster light pattern in a
plane perpendicular to the beam axis reflected
from the planar mirror;
second optical means for directing the beam axis
from the mirror at varying angles of incidence to a
second point; and
a flat field apochromat objective lens positioned at
the second point, the lens for receiving the beam
from the second optical directing means and for
focusing the beam to the scanning plane of the
cbject.

4. The system of Claim 3, further comprising:
means for sensing to send signals to be used by
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the creating means to ensure that each frame be-
gins using the same facet of the rotor.
» 5. The system of Claim 1, wherein the enhanc-

ing means comprises:
a rotatable polarizing filter for selectively passing
the light from the object to the detecting means at
a particular polarization angle.

6. The system of Claim 5, wherein the enhanc-
ing means further comprises:
a spatial filter assembly having an aperture selec-
tively positionable in a piane parallel to the object
scanning plane and for passing a portion of the
light from the object.

7. The system of Claim 1, wherein the enhanc-
ing means comprises:
a spatial filler assembly having an aperture selec-
tively positionable in a plane parallel to the object
scanning plane and for passing a portion of the
light from the object.

8. The system of Claim 7, wherein the spatial
filter assembly further comprises:
a housing having a slot and a passags, the housing
for rotatably mounting on the detecting means such
that the light from the object passes through the
passage to the detecting means;
a support plate having a hole and slidable in the
slot;
a track piece slidable through the hole;
a holder seat in the passage and connected to the
track piece;
a filter holder rotatably supported by the holder
seatl; and
a filter having the aperture supported by the filter
holder, whereby the aperture is positionable in one
linear direction by sliding the track piece through
the plate hole and in another linear direction per-
pendicular to the one linear direction by sliding the
support plate in the housing slot.

9. The system of Claim 8, wherein the spatial
filter assembly further comprises:
an actuating member connected to the filter holder
and slidably positioned in a groove in the irack
piece such that when the member slides in the
groove the filter is moved in an angular direction.

10. The system of Claim 7, wherein the spatial
filter assembly further comprises:
a base having a passage, the base for rotatably
mounting on the detecting means such that the
light from the object passes through the passage to
the detecting means;
a rotatable holder having an optical aperiure, a
portion rotatably supported in the passage, an an-
nular groove and an off center pin;
a spatial filter plate movable about the pin and
having an optical aperture, an off center hole for
receiving the pin, and a radial groove; and
a rotatable disk having an optical aperiure, an off
center pin for projecting into the plate radial
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groove, and a pin for projecting into the holder
annular groove, whereby the holder optical ap-
erture, the plate optical aperture and the disk op-
tical aperture are aligned and movable by rotating
one or more of the base, the holder and the disk.

11. The system of Claim 7, wherein the spatial
filter assembly further comprises:
a base having a passage, the base for rotatably
mounting on the detecting means such that the
light from the object passes through the passage to
the detecting means;
a diaphragm assembly having a movabie iris dia-
phragm selectively defining the size of the aperture
aligned with the base passage;
a support having a hole positioned adjacent the
diaphragm assembly;
an arm in the support linearly slidable through the
hole;
a light blocking member mounted on the arm and
alignable to block some or all of the light from the
object before the light passes through the variable
aperture; and
means for focusing the light from the object toward
the detecting means.

12. The system of Claim 11, wherein the focus-
ing means further comprises:
a pair of biconvex lenses positioned to focus the
light from the object through the spatial filter as-
sembly aperture {0 the detecting means.

13. The system of Claim 7, wherein the en-
hancing means further comprises:
a biconvex lens positioned to focus the light from
the object through the spatial filter assembly ap-
erture to the detecting means.

14. The system of Claim 7, wherein:
the aperiure is shaped like a cross.

15. The system of Claim 7, wherein;
the aperture is shaped to substantially match a
uniform intensity level area in an interference pat-
tern formed when linearly polarized, substantially
monochromatic light is transmitted through the ob-
ject.

18. The system of Claim 7, wherein:
the aperture has a circular cross section.

17. The system of Claim 7, wherein:
the aperture is annular shaped.

18. The system of Claim 1, wherein:
the enhancing means receives light itransmitied
through the object.

19. The system of Claim 1, wherein:
the enhancing means receives light reflected from
the object.

20. The system of Claim 19, wherein:
the enhancing means further recsives light trans-
mitted through the object.

21. The system of Claim 1, wherein:
the enhancing means permits only light
wavelengths emitted by the object to pass through
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the enhancing means.

22. The system of Claim 1, wherein the creat-
ing means comprises:
means for determining the position of the beam on
the object scanning plane;
means for storing the signals in storage locations
corresponding io the position of the beam on the
object scanning plane;
means for forming the stored signals into the im-
age representative of the object scanning plane;
and
means for displaying the image.

23. The system of Claim 1, wherein the creat-
ing means comprises:
means for generating a pixel clock signal repre-
sentative of the position of the beam in the first
direction on the object scanning plane;
means for causing the position of the beam on the
object scanning plane in the second direction to
conform to a desired beam position;
means for storing the detected light signals;
means for providing control signals to the storing
means based on the pixel clock signals in the first
direction and the desired beam position in the
second direction to synchronize the storing means
such that the detected light signals are stored in
storage locations corresponding to the position of
the beam on the object scanning plane; and
means for forming the stored signals inio an image
representative of the object scanning plane.

24. The system of Claim 23, wherein the gen-
erating means includes:
a phase-locked loop means for synchronizing the
phase of its output with the phase of its input such
that the pixel clock signal is synchronized with a
spatially derived input: and i
means for multiplying the spatially derived fre-
quency of the phase-locked loop input by a pre-
determined number to form the pixel clock signals.

25. The system of Claim 23, wherein the caus-
ing means includes:
a planar reflective surface having an axis;
a galvanometer supporting the reflective surface
such that when the galvanometer is énergized, the
reflective surface moves about the axis;
means for directing a second light beam on the
reflective surface such that when the galvanometer
is energized, the beam scans in a fashion cor-
responding to the first beam in the second direc-
tion on the scanning plane of the object;
a light sensor positioned to receive the second
beam reflected from the reflective surface and to
generate a signal representative of the actual posi-
tion of the first beam in the second direction on the
object scanning plane; and
a galvanometer conirol means for controlling the
energization of the galvanometer to conform to the
desired beam position based on the actual beam
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position signal and a reference signal sent by the
providing means.

26. The system of Claim 23, further compris-
ing: L
means for sending signals to the providing means
indicating the position of the beam on the object
scanning plane at the beginning of each scan of
the beam in the first direction, whereby the control
signals supplied by to providing means are further
based on the signals indicating the beginning posi-
tion of each scan.

27. The system of Claim 23, wherein the stor-
ing means comprises:

a digital frame storage means for sampling, digitiz-
ing and storing the signal from the detecting means
while the beam is scanning a frame;

means for storing a plurality of frames of digitized
signals transferable from the digital frame storage
means; and

the forming means comprises a central processing
unit for controlling the transfer of signals from the
digital frame storage means to the storing means.

28. The system of Claim 1, further comprising:
another laser for producing another linearly po-
larized, substantially collimated, single wavelength
beam of light, the laser positioned to direct another
beam along the path of the first beam from the
scanning means to the object.

29. The system of Claim 28, wherein:
the another laser is tunable to different
wavelengths.

30. The system of Claim 1, further comprising:
confocal means for detecting light reflected from
the object and for generating electrical signals re-
presentative of the intensity of the detected re-
flected light; and
the creating means also for creating an image
representative of the object from the detected re-
flected light.

31. The system of Claim 1, wherein the en-
hancing means comprises:

a wavelength selective filter assembly for selec-
tively passing light emitted from the object and
blocking the laser beam of light.

32. The system of Claim 31, wherein:
the light emitted from the object is luminescence.

33. The system of Claim 32, wherein:
the light emitted from the object is fluorescencs
caused by the laser beam.

34. The system of Claim 1, wherein the detect-
ing means comprises:

a first detecting means and a second detecting
means; and the enhancing means comprises:

a housing having means for mounting a wavelength
selective beam splitter such that the light from the
object within a first predetermined wavelength
range passes through the beam splitter to the first
detecting means and light from the object within a
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second predetermined wavelength range is reflect-
ed by the beam splitter to the second detecting
means. .
35. The system of Claim 1, wherein the en-
hancing means comprises:
a rotatable filter wheel assembly comprising a plu-
rality of filters, each one of the filters allowing a
different range of wavelengths to pass through the
filter, and means for rotating the filter wheel assem-
bly such that the light from the object passes
through a selected one of the filters to the detect-
ing means.

36. A method of using the system of claim 1,
comprising:
detecting the light within a first predetermined
wavelength range from the object by the detecting
means; and
simultaneously detecting the light within a second
predetermined wavelength range from the obiject
by a second detecting means.

37. A scanning laser microscope system com-
prising:
an optical system for scanning a light beam in a
raster scanning fashion on a scanning plane of a
material;
means for detecting the beam from the material
and for generating signals representative of the
intensity of the detecied light;
means for generating pixel clock signals repre-
sentative of the position of the beam in a first
direction on the scanning plane of the material;
means for causing the position of the beam on the
material scanning plane in a second direction per-
pendicular to the first direction to conform to a
desired beam position;
means for storing the detected light signals;
means for providing contro! signals to the storing
means based on the pixel clock signals in the first
direction and the desired beam position in the
second direction to synchronize the storing means
such that the detected light signals are stored in
storage locations corresponding to the position of
the beam on the material scanning plane; and
means for forming the stored signals into an image
representative of the material scanning plane.

38. The system of Claim 37, wherein the op-
tical system comprises:
a first laser for producing the beam comprising a
linearly polarized, substantially collimated, single
wavelength beam of light having an axis;
means for scanning the beam in a raster scanning
fashion in the first direction and in a second direc-
tion; and
means for enhancing light from the material by
increasing contrast between anomalies and a re-
mainder of the material.

39. The system of Claim 38, wherein the scan-
ning means comprises:
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rotor rotatable about a rotor axis and having a
circumferential side with a plurality of reflective
facets, the rotor positioned io receive the beam on
one of the facets;
means for rotating the rotor to cause the beam axis
to scan in the first direction;
first optical means for directing the beam axis from
the rotor at varying angles of incidence to a first
point;
a planar mirror rotatable about a mirror axis per-
pendicular to the rotor axis and intersecting the
point, the mirror positioned to receive the beam
from the first optical directing means;
a galvanometer connected to the planar mirror to
cause the planar mirror to move about the mirror
axis and to cause the beam axis fo also scan in the
second direction, thereby defining a raster light
pattern in a plane perpendicular to the beam axis
reflected from the planar mirror;
second optical means for directing the beam axis
from the mirror at varying angles of incidence to a
second point; and
a flat field apochromat objective lens positioned at
the second point, the lens for receiving the beam
from the second optical directing means and for
focusing the beam to the scanning plane of the
object.

40. The system of Claim 39, further compris-
ing:
means for sensing to send signals to be used by
the providing means to ensure that each frame
begins using the same face of the rotor.

41. The system of Claim 38, wherein the en-
hancing means comprises:
a rotatable polarizing filter for selectively passing
the light from the material to the detecting means
at a particular polarization angle.

42, The system of Claim 41, wherein the en-
hancing means further comprises:
a spatial filter assembly having an aperture selec-
tively positionable in a plane parallel to the material
scanning plane and for passing a portion of the
light from the material.

43. The system of Claim 38, wherein the en-
hancing means comprises:
a spatial filter assembly having an aperture selec-
tively positionable in a plane parallel to the object
scanning plane and for passing a portion of the
light from the object.

44. The system of Claim 43, wherein the spa-
tial filter assembly further comprises:
a housing having a slot and a passage, the housing
" for rotatably mounting on the detecting means such
that the light from the object passes through the
passage to the detecting means;
a support plate having a hole and a support plate
linearly slidable in the slot;
a track piece slidable through the hole;
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a holder seat in the passage and connected to the
track piece;
a filter holder rotatably supported by the holder
seat; and
a filter having the aperture supported by the filter
holder, whereby the aperture is positionable in one
linear direction by sliding the track piece through
the plate hole and in another linear direction per-
pendicular to the one linear direction by sliding the
support plate in the housing slot.
45. The system of Claim 44, wherein the spa-
tial filter assembiy further comprises:
an actuating member connected to the filter holder
and slidably positioned in a groove in the track
piece such that when the member slides in the
groove the filter is moved in an angular direction.
46. The system of Claim 43, wherein the spa-
tial filter assembly further comprises:
a base having a passage, the base for rotatably
mounting on the detecting means such that the
light from the object passes through the passage to
the detecting means;
a rotatable hoider having an optical aperture, a
portion rotatably supported in the passage, an an-
nular groove and an off center pin;
a spatial filter plate movable about the pin and
having an optical aperture, an off center hole for
receiving the pin, and a radial groove; and
a rotatable disk having an optical aperture, an off
center pin for projecting into the plate radial
groove, and a pin for projecting into the holder
annular groove, whereby the holder optical ap-
eriure, the plate optical aperture and the disk op-
tical aperture are aligned and movable by rotating
one or more of the base, the holder and the disk.
47. The system of Claim 43, wherein the spa-
tial filter assembly further comprises:
a base having a passage the base for rotatably
mounting on the detecting means such that the
light from the object passes through the passage to
the detecting means;
a diaphragm assembly having a movable shutter
selectively defining the size of the aperiure aligned
with the base passage;
a support having a hole positioned adjacent the
diaphragm assembly;
an arm in the support linearly slidable through the
hole;
a light blocking member mounted on the arm and
alignable to block some or all of the light from the
object before the light passes through the variable
aperture; and
means for focusing the light from the object toward
the detecting means.
48. The system of Claim 47, wherein the focus-
ing means further comprises:
a biconvex lens positioned to focus the light from
the object through the spatial filter assembly ap-
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eriure to the detecting means.

49. The system of Claim 43, wherein the en-
hancing means further comprises:

a biconvex lens positioned to focus the light from
the object through the spatial filter assembly ap-
erture to the detecting means.

50. The system of Claim 43, wherein:
the aperture is shaped like a cross.

51. The system of Claim 43, wherein:
the aperture is shaped to substantially match a
uniform intensity level area in an interference pat-
tern formed when linearly polarized, substantially
monochromatic light is fransmitted through the ob-
ject.

52. The system of Claim 43, wherein:
the aperture has a circular cross section.

53. The system of Claim 43, wherein:
the aperture is annular shaped.

54, The system of Claim 38, further compris-
ing:
another laser for producing another linearly po-
larized, substantially collimated, single wavelength
beam of light, the laser positioned to direct the
another beam along the path of the first beam from
the scanning means to the object. '

58. The system of Claim 54, wherein:
the another laser is tunable +to
wavelengths.

56. The system of Claim 37, wherein:
the material comprises a birefringent, partially
fransparent material.

57. The system of Claim 37, wherein:
the enhancing means receives light transmitted
through the object.

58. The system of Claim 37, wherein:
the enhancing means receives light reflected from
the object.

59. The system of Claim 58, wherein:
the enhancing means further receives light trans-
mitted through the object.

60. The system of Claim 37, wherein the gen-
erating means includes:

a phase-locked loop means for synchronizing the
phase of its output with the phase of its input such
that the pixel clock signal is synchronized with a
spatially derived input; and

means for multiplying the spatially derived fre-
quency of the phase-locked loop input by a pre-
determined number for form the pixel clock signals.

61. The system of Claim 37, wherein the caus-
ing means include:

a planar reflective surface having an axis;

a galvanometer supporting the reflective surface
such that when the galvanometer is energized, the
reflective surface moves about the axis;

means for directing a second light beam on the
reflective surface such that when the galvanometer
is energized, the beam scans in a fashion cor-
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responding to the first beam in the second direc-
tion on the scanning plane of the material;
a light sensor positioned to receive the second
beam reflected from the reflective surface and to
generate a signal representative of the actual posi-
tion of the first beam in the second direction on the
material scanning plane; and
a galvanometer control means for controliing the
energization of the galvanometer to cause the ac-
tual beam position in the second direction to con-
form to the desired beam position based on the
actual beam position signal and a reference signal
sent by the providing means.

62. The system of Claim 37, further compris-
ing:
means for sending signals to the providing means
indicating the position of the beam on the material
scanning plane at the beginning of each scan of
the beam in the first direction, whereby the conirol
signals supplied by the providing means are further
based on the signals indicating the beginning posi-
tion of each scan.

63. The system of Claim 37, wherein the stor-
ing means comprises:
a digital frame storage means for sampling, digitiz-
ing and storing the signal from the detecting means
while the beam is scanning a frame;
means for storing a plurality of frames of digitized
signals transferable from the digital frame storage
means: and
the forming means comprises a central processing
unit for controlling the transfer of signals from the
digital frame storage means to the storing means.

64. The system of Claim 25, further compris-
ing:
confocal means for detecting light reflected from
the material and for generating electrical signals
representative of the intensity of the detected re-
flected light;
the storing means also for storing the detected
reflected light signals;
the providing means also for providing control sig-
nals to the storing means based on the pixel clock
signals and the desired beam position in the sec-
ond direction to synchronize the storing means
such that the detected reflected light signals are
stored in storage locations corresponding to the
position of the beam on the material; and
the forming means also for forming the stored
detected reflected light signals into an image repre-
sentative of the material.

65. The system of Claim 37, wherein the en-
hancing means comprises:
a wavelength selective filter assembly for selec-
tively passing light emitted from the object and
blocking the laser beam of light.

66. The system of Claim 65, wherein:
the light emitted from the object is luminescence.
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67. The system of Claim 66, wherein:
the light emitted from the object is fluorescence
caused by the laser beam.

68. The system of Claim 37, wherein the de-
tecting means comprises:

a first detecting means and a second detecting
means; and the enhancing means comprises:

a housing having means for mounting a wavelength
selective beam splitter such that the light from the
object within a first predetermined wavelength
range passes through the beam splitter to the first
detecting means and light from the object within a
second predetermined wavelength range is reflect-
ed by the beam splitter to the second detecting
means.

69. The system of Claim 37, wherein the en-

hancing means comprises:
a rotatable filter wheel assembly comprising a plu-
rality of filters, each one of the filters allowing a
different range of wavelengths o pass through the
filter, and means for rotating the filter wheel assem-
bly such that the light from the object passes
through a selected one of the filters to the detect-
ing means. '

70. A method of using the system of claim 37,
comprising:
detecting the light within a first predetermined
wavelength range from the object by the detecting
means; and
simultaneously detecting the light within a second
predetermined wavelength range from the object
by a second detecting means.

71. A scanning laser microscope system for
assisting in the characterization of an object, the
system comprising:

a first laser for producing a first linearly polarized,
substantially collimated, single wavelength beam of
light having an axis;

means for scanning the beam in a raster scanning
fashion in a first direction across a scanning plane
of the object and in a second direction perpendicu-
lar to the first direction across the scanning plane
of the object, wherein the scanning means com-
prises:

a rotor rotatable about a rotor axis and having a
circumferential side with a plurality of reflective
facets, the rotor positioned to receive the beam on
one of the facets;

means for rotating the rotor to cause the beam axis
to scan in the first direction across the scanning
plane of the object;

first optical means for directing the beam axis from
the rotor at varying angles of incidence to a first
point;

a planar mirror rotatable about a mirror axis per-
pendicular to the rotor axis and intersecting the
point, the mirror positioned to receive the beam
from the first optical directing means;
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a galvanometer connected to the planar mirror to
cause the planar mirror to move about the mirror
axis and to cause the beam axis to also scan in the
second direction across the scanning plane of the
object, thereby defining a raster light pattern in a
plane perpendicular to the beam axis reflected
from the planar mirror;
second optical means for directing the beam axis
from the mirror at varying angles of incidence to a
second point; and
a flat field apochromat objective lens positioned at
the second point, the lens for receiving the beam
from the second optical directing means and for
focusing the beam to the scanning plane of the
object;
means for enhancing light from the object;
means for detecting light from the enhancing
means and for generating electrical signais repre-
sentative of the intensity of the detected light; and
means for creating an image representative of the
scanning plane of the object from the detected
light.

72. The system of Claim 71, wherein:
the object comprises a birefringent, partially trans-
parent material. :

73. The system of Claim 71, further compris-
ing:
means for sensing to send signals to be used by
the creating means to ensure that each frame be-
gins using the same facet of the rotor.

74. The system of Claim 71, wherein the en-
hancing means comprises:
a rotatable polarizing filter for selectively passing
the light from the object to the detecting means at
a particular polarization angle.

75. The system of Claim 74, wherein the en-
hancing means further comprises:
a spatial filter assembly having an aperiure selec-
tively positionable in a plane parallel to the object
scanning plane and for passing a portion of the
light from the object.

76. The system of Claim 71, wherein the en-
hancing means comprises:
a spatial filter assembly having an aperiure selec-
tively positionable in a plane parailel to the object
scanning plane and for passing a portion of the
light from the object.

77. The system of Claim 78, wherein the spa-
tial filter assembly further comprises:
a housing having a slot and a passage, the housing
for rotatably mounting on the detecting means such
that the light from the object passes through the
passage io the detecting means;
a support plate having a hole and slidable in the
slot;
a track piece slidable through the hole;
a holder seat in the passage and connected to the
track piece;
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a filler holder rotatably supported by the holder
seat; and
a filter having the aperture supported by the filter
holder, whereby the aperture is positionable in one
linear direction by sliding the track piece through
the plate hole and in another linear direction per-
pendicular to the one linear direction by sliding the
support plate in the housing slot.

78. The system of Claim 77, wherein the spa-
tial filter assembly further comprises:
an actuating member connected to the filter holder
and slidably positioned in a groove in the track
piece such that when the member slides in the
groove the filter is moved in an angular direction.

79. The system of Claim 75, wherein the spa-
tial filter assembly further comprises:
a base having a passage, the base for rotatably
mounting on the detecting means such that the
light from the object passes through the passage to
the detecting means;
a rotatable holder having an optical apertiure, a
portion rotatably supported in the passage, an an-
nular groove and an off center pin;
a spatial filter plate movable about the pin and
having an optical aperture, an off center hole for
receiving the pin, and a radial groove; and
a rotatable disk having an optical aperture, an off
center pin for projecting into the plate radial
groove, and a pin for projecting into the holder
annular groove, whereby the holder optical ap-
erture, the plate optical aperture and the disk op-
tical aperture are aligned and movable by rotating
one or more of the base, the holder and the disk.

80. The system of Claim 75, wherein the spa-
tial filter assembly further comprises:
a base having a passage, the base for rotatably
mounting on the detecting means such that the
light from the object passes through the passage to
the detecting means;
a diaphragm assembly having a movable iris dia-
phragm selectively defining the size of the aperture
aligned with the base passage;
a support having a hole positioned adjacent the
diaphragm assembly;
an arm in the support linearly slidable through the
hole;
a light blocking member mounted on the arm and
alignable to block some or all of the light from the
object before the light passes through the variable
aperture; and
means for focusing the light from the object toward
the detecting means.

81. The system of Claim 80, wherein the focus-
ing means further comprises: )
a pair of biconvex lenses positioned o focus the
light from the object through the spatial filter as-
sembly aperture to the detecting means.

82. The system of Claim 76, wherein the en-
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hancing means further comprises:
a biconvex lens positioned to focus the light from
the object through the spatial filter assembly ap-
erture to the detecting means.

83. The system of Claim 76, wherein:
the aperture is shaped like a cross.

84, The system of Claim 78, wherein;
the aperture is shaped to substantially match a
uniform intensity level area in an interference pat-
tern formed when linearly polarized, substantially
monochromatic light is transmitted through the ob-
ject.

85. The system of Claim 76, wherein:
the aperture has a circular cross section.

86. The system of Claim 76, wherein:
the aperture is annular shaped.

87. The system of Claim 71, wherein:
the enhancing means receives light transmitted
through the object.

88. The system of Claim 71, wherein:
the enhancing means permits only light emitted by
the object to pass through the enhancing means.

89. The system of Claim 71, wherein:
the enhancing means receives light reflected from
the object.

80. The system of Claim 89, wherein:
the enhancing means further receives light trans-
mitted through the object.

91. The system of Claim 71, wherein the creat-
ing means comprises:
means for determining the position of the beam on
the object scanning plane;
means for storing the signals in storage locations
corresponding to the position of the beam on the
object scanning plane;
means for forming the stored signals into the im-
age representative of the object scanning plane;
and
means for displaying the image.

92. The system of Claim 71, wherein the creat-
ing means comprises:
means for generating a pixel clock signal repre-
sentative of the position of the beam in the first
direction on the object scanning plane;
means for causing the position of the beam on the
object scanning plane in the second direction to
conform to a desired beam position;
means for storing the detected light signals;
means for providing control signals to the storing
means based on the pixel clock signals in the first
direction and the desired beam position in the
second direction to synchronize the storing means
such that the detected light signals are stored in
storage locations corresponding to the position of
the beam on the object scanning plane; and
means for forming the stored signals into an image
representative of the object scanning plane.

93. The system of Claim 92, whersin the gen-
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erating means includes:
a phase-locked loop means for synchronizing the
phase of its output with the phase of its input such
that the pixel clock signal is synchronized with a
spatially derived input; and
means for muitiplying the spatially derived fre-
quency of the phase-locked loop input by a pre-
determined number to form the pixel clock signals.

94. The system of Claim 92, wherein the caus-
ing means includes:
a planar reflective surface having an axis;
a galvanometer supporting the reflective surface
such that when the galvanometer is energized, the
reflective surface moves about the axis;
means for directing a second light beam on the
reflective surface such that when the galvanometer
is energized, the beam scans in a fashion cor-
responding to the first beam in the second direc-
tion on the scanning plane of the object;
a light sensor positioned {o receive the second
beam reflected from the reflective surface and to
generate a signal representative of the actual posi-
tion of the first beam in the second direction on the
object scanning plane; and
a galvanometer control means for controlling the
energization of the galvanometer to conform to the
desired beam position based on the actual beam
position signal and a reference signal sent by the
providing means.

95. The system of Claim 92, further compris-
ing:
means for sending signals to the providing means
indicating the position of the beam on the object
scanning plane at the beginning of each scan of
the beam in the first direction, whereby the control
signals supplied by io providing means are further
based on the signals indicating the beginning posi-
tion of each scan. )

96. The system of Claim 92, wherein the stor-
ing means comprises:
a digital frame storage means for sampling, digitiz-
ing and storing the signal from the detecting means
while the beam is scanning a frame;
means for storing a plurality of frames of digitized
signals transferable from the digital frame storage
means; and
the forming means comprises a central processing
unit for controlling the transfer of signals from the
digital frame storage means to the storing means.

97. The system of Claim 71, further compris-
ing:
another laser for producing another linearly po-
larized, substantially collimated, single wavelength
beam of light, the laser positioned to direct another
beam along the path of the first beam from the
scanning means to the object.

98. The system of Claim 97, wherein:

the another laser is tunable to different
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wavelengths.

99. The system of Claim 71, further compris-
ing:
confocal means for detecting light reflected from
the object and for generating electrical signals re-
presentative of the iniensity of the detected re-
flected light; and
the creating means also for creating an image
representative of the object from the detected re-
flected light.

100. The system of Claim 71, wherein the
enhancing means comprises:
a wavelength selective filter assembly for selec-
tively passing light emitted from the object and
blocking the laser beam of light.

101. The system of Claim 71, wherein:
the light emitted from the object is luminescence.

102. The system of Claim 101, wherein:
the light emitied from the object is fluorescence
caused by the laser beam.

103. The system of Claim 71, wherein the
detecting means comprises:
a first detecting means and a second detecting
means; and the enhancing means comprises:
a housing having means for mounting a wavelength
selective beam splitter such that the light from the
object within a first predetermined wavelength
range passes through the beam splitter to the first
detecting means and light from the object within a
second predetermined wavelength range is reflect-
ed by the beam splitter to the second detecting
means.

104. The system of Claim 71, wherein the
enhancing means comprises:
a rotatable filter wheel assembly comprising a plu-
rality of filters, each one of the filters allowing a
different range of wavelengths to pass through the
filter, and means for rotating the filier wheel assem-
bly such that the light from the object passes
through a selected one of the filters to the detect-
ing means.

105. A method of using the system of claim 71,
comprising:
detecting the light within a first predetermined
wavelength range from the object by the detecting
means; and
simultaneously detecting the light within a second
predetermined wavelength range from the object
by a second detecting means,
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7* scanner_malin.c

Thls program is the main routine which Implements the many functlons
required for the proper operation of the optical scanning microscope.
Some of the functions Implemented In software {5 llsted below:

@) Position the stage controller

b) Digittize and display an Image

€) Record the lmage database information obtalned from the

operator

d) Record the arvropriate mopping dnformation

¢) Move stage ccatroller to next specified location

J) Save and/or retrleve images data to/from the hard-disk

A menu s displayed then depending on the operation desired, the operator
makes the cholce by way of the keyboard.

This sofiware package was designed so run on & Microvaz Il system,
running VMS 3.0 or Righer. It also requires a VAXC compiler and it's
assoclared llbraries. VAX system calls are used extensively throughout
each functlon Implementgtion */

einclude rmsdef
einclude descrip
olnclude iodef
einclude ssdef
einclude ¢3tdio. N>
oincluae “virt_frames.h"
/* buffers to to map to virtual spaece */
globdaldef {"image0®} char frame0(512][512]:
globdaldef {"imagel®} char Jramel[512][512]:
globaldef {"image2°} struct reg_frame dt_bo_regs;
globaldef {"imaged°} unsigned short pizel_datal[512](512):
globaldef {"image4”} char frame2[512][512]:
globaldef {"image5°} char frameld[512][512);
globaldef (“image6”} shore alu_freme0[512][512]:
globaldef {"image7°} shore alu_framel[512][512];
main()

short losdl4];

~statdc SDESCRIFTOR(terminal ,"SYSSINPUT®):
char *prompt = "Do you wish to save image Y/N [N] :
fnt status;
stattec char In_bufl4]:
short ao_moves stglen;
dhort wafer_type;
short in_lut out_lut;
short ®no_movesptr;
short channel , ttchan;
short Schanptr;
char ®charptr;
short ®lut_garyper:
FILE ®*mapflle_ptr;
int xcor.ycor:
in: 8zcorptr,®ycorptr;
short lutdatal256];
short 2o0om;
shoret 4,§:
int r_status:
short zero0[256]:

Al



char res

short group_no, buffer_no, lut
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ponse[10]; S

no.xoff.yoff:

char *barchcode;

char tmage_name[25]; :
char answer[10]:

char wafer_nollo]:

static char exienslion|] = * MAP*;
statlc char vfiexten][] = *.VFI*;

struct dscldescriptor_s Inl:
struct dscSdescriptor_s fno;
char *infille_name;

char outfile _name[255];

dnt unsligned val2,val;

2oom = 0;
group_no = buffer_no = lut_po = zo0ff = Yoff = 200m = no_moves = 0;

r_status = map_waferbuf(); /® map duffers and reglsters into %/

r.Status = map dtregs():; /® current process space s/
/® inittallze the data-sransliation
hardware */
r.stotus = fg_inle();
r_status = alu_dnte(group_no);

/* tnltlallze the stage */
Xcorptr = &xcor;
ycorptr = &ycor:;
thanptr = &channel:
Ro_movesptr = &no_moves:;
r_status = chan_get(chanptr);
;f(n_;:a:u: I= 1)

printf(°\nCould not assign channel to stage ...exiting");
goto exiet;

}

r_status = stage_init(chanpetr, zcorptr ycorptr);
if(r_status = 1)
{

print f(“\nCould not initiciize stage..exiting");
goto exit;

/% get wafer batch name */

batchcode = image_name;

prime f(°\033(27"°);
printf(°\nEnter the wafer bdatch code(12 char)[All1_11_11_00]:"):

scanf( %s” batchcode);
stglen = strien(batchcode);
;f((:t‘lcn 2 I5)li(stglen == @))

batchcode = "A21_11_11_00.MAP®;

“else
/* add .map flle extension */

strcas{batchcode . extension b);

A2
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printf(°\¢ CRYSTAL TECHNOLOGY Z-CUT\n");
princf("\¢ CRYSTAL TECHNOLOGY X-QUT\n"®);

BARR-STROUD Z-CUT\n");
BARR-STROUD X-QUT\n");
ALLIED Z-QUT\n");
ALLIED X-QUT\n®);
UNION CARBIDE Z-QUT\n");
prinsf(°\¢ UNION CARBIDE X-CUT\n"*);
princtf(°\t GLOBAL TECHNOLOGY Z-CUT\
princf(°\z 10 GLOBAL TECHNOLOGY X-QUT\n
printf(°\n\nSelect wafer type (1-10):"):;
scanf(°%d’ . dwafer_type):
switch(wafer_type){

case 1:
charptr o °CT2_°;
breack;

princf(°\2
printf(°\t
printf(°\e
printf(°\¢
prine f(°\2

WO N & W

L

case 2:
charptr = “CTX_":
dreak:;

case 3:
charptr @ °BSZ_":
break;

cagse 4:
charptr = *BSX_":
break;

case §:
charptr = “ALZ_":
break;

charptr » "ALX_°:
break:

case 6:

case 7:
charptr = “UCZ°:;
break;

charptr = "UCX_";
break;

case 8:

cose 9:
charptr = “GTZ_":
break;

case 10:
charptr = °GTX_°:
break;

default:
charptr » "CTZ_":
break;

/* create or append batch tag */

mapfile_ptr = fopen(batchcode,®a®);
fprln:j(uapfllc_;tr.'s:\:id\u'.bc:chcodc.o):

/* post qlo for terminal tnpus °*/
$f(((status = SYSSASSICN(A&terminal . &ttchan,0,0))& 1) le 1)
LIB3STOP(status):

next:

A3
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Y A lipl?l::°lm¢g¢ frame”[o; *viewing 50/
pt prlut}( \033121\8 ’ 8505 no0 080 09 23 9
- r_status = digltlze(group_no, bufjcr_no ln lut, out, lut).
delay: 1f(((status = sys$Sqlow(l,.ttchan, lOSM TIMEDI
~ JOS_READPROMPT , dlo:b 0.0 &in_buf.’ 4,0,prompe,
strien(prompt})) & 1) I= })
LIBSSTOP(status);

switeh (losh[0]){
cese SSS_NORMAL : .
{'f(lu.buflol e ‘Y’ 1| in_buf{0] o= ‘y’)

prinef(°\0323[27°);
printf(°Enter wafer descriptton[up to 9 chers): *);
scanf( %s° ,wafer_no);

/* edd .vfl ending®/
strcat(charptr . wafer_no, l10):
strcat(charptr . vfiexzten, 6);
r_Status= digitize(group_no.buffer_no in_lut out_lue):
r_tiatus = copy_frame{group_no.charptr);

;f(r_Jtctns te 1)

priarg(°\032(21°):
prine f(°/nDTSCOPYERROR. . .DISX FULL\n*):;
. prine f{ "IMAGE NOT SAVED..... hit C to continue:");
; scanf("%s" ,response);

/° Set up system service call descriptors to get full flle name including
Jile extension for map data file */

Snl.dscSw_length » strlen(charpir);
Jni.dsc8b_class o DSCIK CLASS_S;
Jni.dscsd_dtype = DSCSKIDTYPE.T:
fri.dscSa_pointers charptr;

fno.dsc3w_length » 60;

Sfno.dsc8b_class e« DSCSK_CLASS_S;
fro.dsc8b _drype o DSCSX _DTYPE_D:
fno.dsc3e_pointer = outfile_name;

/® get full flle neme including letest flle extension */

val2 = 0;
val = 2;
r_status = llb’jlnd_}llc(&fnl dfno,&val2,0,0.0 4vel):;

printf(°\n flle_name Is %d %s".,r_status, fno. d:cSa_polazcr)
/e data to map file */

fprintf(mapfile_ptr “%s\t%d\n* out flle_name no_moves);
charptr = charptr « 4;

Scharptr = °\0°';

charpstr o charptr - 4;

break;

}
?lac 1f0in_buf[0] == "E' 1| In_buf[0] == ‘¢")

goto exit;
breck:
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;‘JC l{(lu_bu{[ol os ‘g’ |§ [u;__bu‘-fzfglufy. ‘NP Ten s 99
prinsg(°\033[27°): :

printf(°\nProcess Image then hit C to continue:®);
scanf("%s®,response);
goto deley;
dreak;

}
/° position stage for nexr image capture sequence °/

rrtetus = next_step(chanptr xcorptr ycorptr no_movesptr);
;/(t_)tclu: l= 1)

Printf(°\nlaitz command resurns error ...exlting"):
} goto exit;
goto mez:;
exiz:

}

1% MAP WAFERHUF.C
This function maps the data Translation frame buffers and
ALl buffers Into a MicroVax Il virtual address space.
Specificly it maps the address space of the two frame grabbers
and two ALU to the virtual spaces as shown below

Jclose(mapfile_ptr):

MODULE PEYSICAL ADDRESS VIXUAL ADDRESS
(ocT) (HEX)
FRAME GRABBER NO. 1 2.000.,000 400
FRAME GRABBER NO. 2 4.000,000 40400
ALU NO. 1 6.000,000 180600
ALU NO. 2 12,000,000 300600

No inpus Is required. The function returns an {nteger 1 1f the
mapping was successful. The mapping of the buffers 13 nos
permanmen: end last only as long as the current process.
s/
olnclude secdef
®include ssdef
oinclude lodef
map_waferbuf()
R /% system service definltions */
int status;

int tnaddr(2]; /* starting virtual address */

int vbn; - [® virtual block number */

int no_pages;

iInt dtmemaddr; /* bdoard default conflguration ®/

int qdusphyaddr; /% Qbus siartling sddress ®*/

inz virtstraddr; /° Linker placed vir: starting addr */
int page_count;

inz byte_page:

FL
88t up 3ystem service parameters for freme grabber no. I
L ]

dimemaddr = 002000000; /° frame grabder mo. ] physical

AS
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address */ .

qbusphyaddr « 0230000000; /° Qbus starting address /
virtsiraddr » 0x00000400; /® Linker placed virt starting addr s/
pege_count = ]0264; .
byts_page = 312;
nRo_pages = page_tount: /® number of pages to map */

inaddr{0] = virtstreddr: .
bnaddr[l] = virtstraddr « (page_count ® byte_page) - 1: /%total bytes v
vbn e (qbusphysddr + dtmemaddr)/byte_page: I* frame Rumber o/

/®
:7; Jrame duffer mo.l 20 microVax virtucl eddress spacse

tf(({ssatusesysScrmpsc(inaddr 0,0, SECIM _PFNMAP\SECM WXT
0.0.0.0.80_pages.vbn.0,0)) &1) Ie1)
1i1bS8stop(s2a2us); .

A ~
2et up system service parameters for frame grabber mo. 2 N
s/
dtmemaddr = 004000000; /% frame grabber no. 2 physical
address */
qbusphyaddr = 0x30000000; /* Qbus starting eddress ®/
virtstraddr = 0x00100600; /* Linker placed virt starting eddr */

pege_count = 102¢;
byte_page = 512;

Ao_paeges = page_count; /* number of pages to map */

dnaddr[0) e virtstraddr;

inaddr[1] » virtseraddr + (page_count * byte_page) - 1: /%total dytes */
vdn = (qbusphyaddr « ditmemaddr)/byte_page: /% frams numbegr */

/'
map frame duffer no.2 to microVax virtucl! eddress space
a/

1f(((1tatusmsys$crmpsc(inaddr 0.0, SECSM _PFNMAP I SECIM WRT
,0,0.,0,0.,n0_pages.vdn,0.0)) &l1) I=1)
libSasecp(status);

I.
se¢2 up system service parameters for ALU no. 1
*/
dtmemaddr = 006000000; /® ALU No. 1 physical
eddress */
qbusphyaddr =« 0x30000000; /° Qbus starting address °/
virtstraddr = 0x00180600; /* Linker placed vir:t sterting addr */
page_count = J024;
byte_page » 5]2;
Ro_pages = page_count; /* number of pages to map °/
inaddr[0] » virtstraddr:
inoddr[l] = virtsireddr + (page_count ® byse_page) - 1; /%totel bytes */
vbr = (qbusphyaddr « dimemaddr)/byte_page: /* freme number %/
Al
map ALV ne.] to microVax virtual address spece
./
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if(((status=sysScrmpsc(inaddr, 0,0, SECSM_PFNMAP)SECSM WKT
.0,0,0.0,n0_pages,vbn,0,0)) &1) 1=1)
11b3stop(status);
l.
3¢t up 3ystem service parameters for AU mo. 2
8
dtmemaddr = 0012000000; /® ALV No. 2 physical
address */
qdusphyaddr = 0x30000000; /% Qbus sterting address ®/
virtstraddr = 0x00200600; /® Linker placed virt starting addr */

page_count = ]024;
byte_page = $22;

RO_PEgeEs © page_COuUnt: /* aumber of pages to map */

ineddr[0] = virtstiraddr;

inaddr/l] = virtstraddr + (page_count ® byte_page) =~ 1: /®total bytes */
vbn = (qdusphyaddr + dimemaddr)/byte_page; /® frame number %/

map ALU no.2 to microVaz virtucl address space

1f(((stasus=sys3crmpsc(inaddr 0.0, SECIM_PFNMAP\SECIM WX

.0,0.,0.0.n0_pages, vbn,0,0)) &l) I=l)
11bsstop(status);

This function maps the DATA TRANSLATION I/0 reglsters from the

conflguration of OCT 17776400 to & MicroVMS virtual

starting eddress of HEX 00080400. It requires the user to the iastruce
the linker to place the reglster frames starting et HEX 00080400.

d.e IMAGE3 HEX 00080400 GLOBAL

is required. The function returns @ int 1 If the
was successful. The mappling of the registers ls not

permanment end last only as long as the current process.

FA
8/
return(l);
}
I/ MAP_DTREGS
defauls
No input
mapping
./

oinclude secdef
oinclude ssdef
oinclude lodef

7¢p_dtr¢gs()

int
in:
int
incr
I.
DEFINIT I0ONS
8y
int
int
in:
int
int
ine

/®

/® system service definltions */

status:
inaddr[2]: /* starting virtual address */
vin; /° virtual block numder */
no_pages:

lo_addre 017776400; /* board default configurasion */

addr_mask = 000017777;

qbusphyaddr = 0x20000000: /* Qbus starting address */
wirtstraddr = 0x00080400:/° Linker placed vire starsing addr */
pege_count = []: /®* only one page needed °/

byte _page = 512;
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$¢2 up 23ystem service parameters
&y
Ao_pages = page_count; N
inaddr[0] = virtstreddr;
tnaddr[1] = virtatraddr + (page_count ® byte_page) = 1: /%total bytes o,
vin = ((lo_eddr & addr_mask) + qbusphyaddr)/byte_page: /®pages®/
Al
map virs frame buffers to microVaz physical Q bus eddress
&y

$f(((s2atusesysScrmpsc(inaddr 0.0, ,SECIM _PFNMAP I SECIM WK
+0.0,0,0.n0_pages, vbn 0,0)) &1) 1=})
lidSstop(steatus);

vresurx{l);

/® FG_INIT():
This routine inltielize both frame grabbers. No input (s regulred.
veturns @ one IS It was successful.
./
oinclude “vire_frames.h"
globalref ssruct reg_frame di_lo_regs;

{;_lnlx()
short templ. temp2; /* temporary varlable */
short templ tempd;
short grared blue; /% values for lusts */

shore 1.]:
/® resert frame grabber */

dt_lo_regs.dt0_incsrl] = 0x8000;
di_to_regs.ditO_incsrl = 0;

/* configure board to have the following characzeristics
no write prosection
select buffer O
select lut O
selact channel 0
functlon fea
mode = aormal

L ¥} :
di_lo_regs.dtO_incsr2 » 0;

/% sync to camera and display buffer 0 */
dt_to_regs.dt0_outcsr » 0x00a0;

/* load output and inpur luts...lut « 0 with linear datas */
templ = dt_lo_regs.d:0_tncsrl;

temp2 » dt_lo_regs. dt0_Incsr2;
templ =» dt_lo_regs. 4210 _outcsr;

/® turn off display */
di_to_regs.d10_outcsr = dt_lo_regs.dt0_outcsr & 0xff7/f:

/® configure to lut access mode */

AB
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dt_lo._regs dt0_incsr2 = 0:6!50:

Jor(i=0;1ca255;1¢¢) {
d:_lo_regs. dtO_index =
dt_lo_regs.di0_inlut = §;
grnred = {;
blue = |{;
grnred « grared ¢c¢ 8;
grnred = grnred | blue;
dt_loregs. dtO_redgrn = grared;

) de_fo_regs.dt0 blue = blue;

ds_lo_regs.d10_(ncsr]l = templ;

di_to_regs.d10_Incsr2 = semp2;
dt_lo_regs.detO_outesr = tampd;

do the same for the second-set of frame memory; */

reset frame gradber ®/

di_lo_regs.dtl _lncsrl = 028000;
dt_fo_regs.dil _tncsrl]l = 0;

conflgure board to have the following characteristics

no write protection
select buffer O
select lut ©

select channel 0
Junction fwa

mode = aormal

dt_lo_regs.dtl _incsr2 = 0;

sync to camera and display buffer 0 */

dt_lo_regs.dtl _outesr = 0200a0;

> » 19 E 4 o9
k] 2 o 9 3 > » 2
ry - e o 2 e LE ] nIe
L3 L] 3 * 3 2 5
a9 LEX] X L R4 29

/° tnpus lut date */

locd cutput and input luts...lut » 0 with linear data */

templ = dt_lo_regs.dtil_incsrl;
temp2 = dt_lo_regs.dtl_incsr2;
templ o dt_lo_regs.dil_cutcsr;

turn off displey */ .
de_lo_regs.dt]_outcsr = dt_lo_regs. dt]_outcsr & 0zxff7f:

conflgure to

doad luts */

lus access mode */

dr_lo_regs.d2l _lacsr2 = 026830;

grared = 0;

dlue » 0;

Sor(t=0:1c=255:1+e) {
dt_tlo_regs.dsl _indezs = |;
di_lo_regs.dti_inlut » ¢,

A9
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grnred = 1

dlue = §; .

grnred = grared ¢c &;

grared = grared t bdlue;

dt_lo_regs.dtl_redgrn = grared;
) ds_lo_regs.dtl _bluec = blue;
di_to_regs.dtl_tncsrl = templ;
dit_tlo_regs.dtl _incsr2 = temp2;
dt_lo_regs.dtl_outesr » fempd;

return(l);

/% ALU_INIT(ALU_NO)

This function Inttializes the ALV boerd(s) to a predicatable state.
The SHOXT INT ALUNO selects between alu 0 or I for which boerd to iniltialze.
If alu_no ts mnot zeroc or one then both alu’s are Infcialtlzed.
The s:ate of tha board(s) afier a successful lattializzion ts:

no 2oom or pen
arithematic mode
Juncrion equal F = A
port-in mode

interupet discbled

Lut zero 335 selected
Bury blt L3 cleared
Lut 2ero s linecrized

The function returns a one §f the initlalization s successful
s/

einclude "virt_frames.h*

glodalref strucs reg frame dt_lo_regs:

alu_init(alu_no)
short alu_no:

{
short
short r_status; /®* status returned */
switch{alu_no){ )
case 0: /® tnitlelize board zero */

dt_to_regs.alub_control = 0x0002: /* sbort §f necessary */

di_lo_regs.alu0_control = 020002:

dt_lo_regs.aluO_status o 020000:

dit_lo_regs.elul _xoffset = 0x0000:

di _lo_regs.alul _yoffset = 020000:;

dt_lo_regs.alul_index ® 0x0000; /* losad iut O */

for(ie0;ice255: ee)
di_lo_regs.alu0_lutdeta = I;

break;

cesze 1: /¢ ialsttalize board one */
ds_lo_regs.alul_control = 0:0002;: /° abort 3f macersry ®/
dr_Ja_rc‘l.alnl_sontrol - 020002;

Alo
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dt_to_regs.alul_status = 030000

dt_to_regs.alul _xoffset = 0x0000;
dt_lo_regs.alul_yoffset = 0x0000;

de_lo_regs.alul_lndex
Jor(i=0;ice255;+4)

e 0z0000; /°* load lut 1 ®/

det_lo_regs.alul_lutdats = |;

breack;

defauls:

dt_lo_regs.alul_control = 020002; /* abort 8f necesszary */

/° inttlalize both alu’s 8/

dt_lo_regs.alul0_control = 0x0002;

dt_lo_regs.eluO_status

= 020000;

d:_lo_regs.alub_zoffset = 020000;
di_lo_regs.alul0_yoffset = 0x0000;

di_tlo_regs.alul_index
Jor{le0;1(n255;(ee)

e 0x0000; /®* loed lut 0 */

de _lo_regs.alu0_lutdeta = I;

dr_to_regs.alul_control = 0z0002; /* aebort If necessary */

dt_lo_regs.alul_conrntrol = 0x0002;

dt_lo_regs.alul_stetus

e 020000;

dit_lo_regs.elul_xo0ffset = 0x0000;
d_lo_regs.alul_yoffset « 020000:;

dt_lo_regs.alul_index
Jor(1e0;:1ce255;1+4)

= 020000; /* loed lut 1 %/

dt_ito_regs.clul_lutdates = {;

breck;
L 3

return(l);

/SCHAN _GET.C

- This program assigns an I/0O channel to port o2 of the RS232

Sor use by the Lelts Stage controller.
s/

chan_get(channel)
short Int %channel;

oinclude stdio
einclude descrip
olnclude lodef
einclude s3def
¢include t1tdef
oinclude tt2def
oilnclude dedef

short Int status:
static short chanel;
statie SDESCRIFPTOR(sterminal,“"TTA2:°);
chansl = *channel;

/* Assign & chanwnel 2o the terminal */

328tus o SYSSASSIGN(&s1erminal . &chanel . 0.0) & I;

®channel « chanel:

All
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resurs (stazus);

7%s1age_inis.C

> @ o9 w0
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This program Initializes the Leltz_controller's stage and plece It in

& halt stete.
8y

oinclude math

oinclude stdio

oinclude descrip

olaclude lodef

oinclude ssdef

ei{nclude ttdef

oinclude tt2def

oinclude dcdef
Stage_intz{ichan firse_x flrat y)

“shorst %lchan;

:n: 8flrss x.%firse y:;

edefine BUFLEN 81

odefine BU/FLEN! 200

odefine BUF1 10

int znum, ynum;

shert int status.channel sign;
statlc shor: ilosbl4];

Jtatic char buffer2[BUFLEN];
statlc unsigned char buffer[BUFLEN] xy_buffer[BUFLEN1]:
int masx2[2/] = (0.0316);

in: four_mask[2] = (0,0220};

int fomaskl2] = {0.020f}:

int 8,.);

int mask[2) « {0.0220);

short term_mask[2] = (0,020d | 0x0a}:
char meskd = 0211

char mask_}[3) = {0x05.0280,0280)};
char stop_mask =« 025);

char pgm = 0227;

char snter » 0x22;

char brk = 0226

char one » 0zx3a:

char five = 0x31);

char au_to = 0x5¢;

char mask_eaddr:

char zval[l10].yvel(20]);

ehar kstr;

IREM =« yaum =« 0O
channel o *fchan;

sietus = SYS3DION( ) channel  JOS_READVBLK  IOSM_NOECHO
t JOSMM_NOFILTR |\ IOMM_ESCAPE,
&losh. 0.0 . buffer A/F] 40 . mask2,
0.0) & i:

status = SYS30IO#( 1, channel 103 WRITEVELX 1
JOSM_NOFORMAT .
&losd 0.0 .&maskd [,0.0,
0.0) & I1:

Al2
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status = SYSSQIO¥(!,channel ,JOS WRITEVEBLX |
JOSM_NOFORMAT , ey
&losb,0,0,.&mask2,1,0.0,

0.0) & I;
{or(l w 0:1 ¢= 6;144)
status = SYSSQIOW(],channel ,JOS_READVBLEY | JOSM_NOECHO
| JOSM_NOFILTR,

&losb,0,0,buffer BUFLEN,1, four_mask,
0.0) & I1:

st0tus = SYSSQION(1,chennel ,JOS_REAINBLX | IOSM_NOECHO

! JOSM_NOFILTR,
diosd 0,0 .buffer BUFLEN,] four_mask,
0.0) & 1;

Jtatus = SYSSQIOV(2,ehannel ,JIOS_WRITEVELE |
JOIM_NOFORMAT ,
&l03b,0.0,&520p_mask,1,0,0,
0.0) & 1;

status = SYSSQIOW(1.channel . OS_READVBLX
| JOIM_NOECHO | TOSM_NOFILTR.
&lo;b.O.D.buffcr.w}’m.1.four_pu:k.
0.0) & I;

status =« SYSSQIOF(1.,channel ,JOS_WRITEVBLK |
TOSM_NOFORMAT ,
&losb,0.0,masx_1,3,0,0,
0.0) & 1;

/..l..lll..lllll.ll.l-'ll.ll..-llll..l..l.llll.ll.ll...l.l.l"...

DELAY LOOP

'l.ll‘l.llllllllllllllll..l..lllllll.'.llllll.l.l....'.l."l'.'!,
/'.‘.l.l.ll'-...llll....llll'l.ll-l.l..lllI.ll‘llll..ll.ll.l....

..Ililll.ll.l-llllll'.ll.Ill-llllll!lllllllll.ll.l.l...l.l.l'l‘/

Jor(l = 0:1 ¢ 200000;1++)
=t :

prinsf(°\n°):

Status = SYSSQION(1.channel IOS_WRITEVBLK |
JOSM_NOFORMAT ,
&loshd,0.0.4pgm.1.0,0,

0.0) & 1;

,.'.‘..........l......'........'...'l-.........'.‘............
stetus = SYSSQIOW(1, channel  JOS_REAINBLK
i JOMMNOECHO | IOSM_NOFILTR,
&losh 0,0 buffer BUFLEN ], f mask,
0.0) & I1:

T ATy i e T R R R R N R R R R R R R R A R R R R Y V)
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Jtatus = SYSSQION(1 ,channel ,JOS_WRITEVBLK |
JOSM_NOFORMAT ,
&losb ,0,0,40n¢,1,0.0,
0.0) & 1;

’...I...ll......ll.l'.'.l..'.l.lll.llllllll..l.......'....'...'....'

status = SYSSQION(!,.channel ,JOS_READVBLX
i IOSM_NOECHO | JOSM_NOFILTR, .
&lo;b.o.o.bujfn.EJFLEN.I.fur_Jnut.
0.0) & I:;

......l.ll‘l.l....l.lll......‘llll'Illl.'..'.'..I‘........l..l.l....,

status = SYSSQICV( ! ,channel ,JOSWRITEVALE |
TOSM_NOFORMAT ,
&losh 0.0.&enter,1,0.0,
6.0) & I1;

rAAAAA AR A A AR AL R R A RS AR A AR R Al R Y A PR R A N R R R PR R RS REE

status = SYS$QION( ], channe!l .J0S_REAIVBLE
\ JOSM NOECHO ' I0SM_NOFILTR,
uo.;b.a.a.bu/fn.RJFLEN.I.fur.nuk.
0.0) & 1.

..ll.....l.........-".....ll...l.......ll.'.....l..l...'."'..-...../

status » SYSSQIOV(!.channel ,JOS_WRITEVBLE 1\
JOSM_NOFORMAT ,
&losd, 0,0 . &cu_to,1.0.0,
0.0) & 1;

/...lrti..ll‘l.ll'lll.l..l...l.l.l.lllllll......ll.......l‘..ll..'.l.'
..lll‘.l.ll.ll..lt.ll.l.I..l.....l..II.l.l...l...ll.l...l.....l...../

stotus = SYSSQIOH(],.channel ,JOS_READVBILX
! JOSM_NOECHO | IOSM_NOFILTR,
&losd 0,0.2y_ buffer BUFLEN] 0, four_mask,
0.0) & 1;

/.Ill'l.l..ll..l'l‘.lll..l’.l.lll....“l.'ll...ll.'l..'!..ll...l..

GET X & Y VALUES

....ll.llll‘.l.ll.ll.ll.l..'....l.l.l...l....‘.l....l._..'....’..../

prinsf ("\n°):
Jor (I = 0:1 ¢ BUPLEN]:l+s)

i ;n)u!fnltl - ta')
8'.‘(0} - ’.':

avel[l] = zy_bufferft « 1]:
zvall2] = zy_buffer{t + 2);
zvalld] = zy_bufferi + 3]:
xvall4] = zy_buffer[l « 4};
xvel{3] = sy buffer[i + 3};
zvel[b] = zy_buffer{l « 6];:

)
1f (zy buffer[t] o= *o')

Al4
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{
yvall0] ‘e’ o
xy_duffer[i

yvalll] = .

yvall2] o xy_buffer[l « 2];
yval[3] = sy buffer{t « 3];
yval[4] = xy duffer{il « 4];
yval[S] = zy_buffer[l « S];
,yval[61 o xy buffer{l « 6];

FAARAA A AR RS AR AR R RN R R R AN R RN RN RN RS RNSERRET L]

CONVERT X ARRAY VALUES TO SINGLE INTEGER

‘...!ll...ll..l...‘l'..'.l..ll.l.ll‘.ll.....ll.ll'.l'...l‘...,

sign = 1;
1 =0:
3f (zvalll] == *-°)
f sign = -1;
$d = J;

Jor {(zaum = O:zvalli] re ‘D' && 2vall[l] ¢o *9';:les)
xnum » J10 ® znum + zvalll] - '0°;

num « sign ® xaum;

FAALRAAR S RN AR R AR N AR AR AR AR RN AR NRRERRERE SRR SRR 2D ]

CONVERT Y ARRAY VALUES TO SINGLE INTEGER

...llll.lllll.l.l.lllllll...llll-.ll.'l.llil..l.l....l.lll.../

gign = I;

L = 0;

lfl(:vclll} o= '-’)
sign = -1;

fee;

Jor (ynum « O:yval[1] 1a *0° && yval[i] ce '9°';les)
yrum = J0 * yaum « yvall[i] - '0';

yrum = 3ign * yaum;

/'.ll.l..'..llll‘..Il'll.l.“l‘l....ll.ll.lll.....l.‘ll‘....

RETURN ARRAY VALUES TO CALLING PROGAAM

l‘.l.l.....ll.ll....‘.ll.llll...llllIl'l.llll."...l.ll...l/

Sfirst_x = Inum;
Sfirse,y = ynum;

veturan(status);

/® DICITIZE(Group_no . buffer_no in_lut ous_tut)

AlS
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This functlon dligltizes one frome of date and stores 2t in
the duffer specifled by the GROUP_NO and BUFFERNO both shors integers(0:1).
IN_LUT and QUT_LUT specifies the Input and out_put luts respectively (0:7)
This routines stops the current actlon of the d1265), and presumss the luts
Aave been properly inltlalized by « user prior to calling this routine.
dt returas a one IJ 32 43 successful In the digltlsation.

action taken: )
clears busy end passthrough bits
change luts to0 the ones selected.
surns on display to the duffer selected for taput
Alu functlon becomes [fwa.
mode 13 normal/slew s2can.
cursor remains

8y
olinclude *virst_frames.R®
globalref struce veg_frame dit_lo_regs;

digtsize(group_no.buffer.no . in_lus, out_lut)
shors group.no.buffer_no;
shors In_lut ,out_lus;

short semp:

switch(group_no){

case O: /® group 0 */
d:t_lo_regs.dt0_lncsrl]l » dt_lo_regs.dt0 _incsrl] & 0xff00;
in_lut » iIn_lut & 030007; /* get valid numbers ®/

out _lut  out_lut & 020007;
buffer_no = buffer_no & 020001;
temp = duffer_no;

/% selecs luts S/
duffer_npo = buffer mo ¢¢ 7;
d:_lo_regs.dt0_incsrl] = dt_lo_regs.dt0_incsrl 1 in_lut;

/% selec: mode and alu function ®/
det_lo_regs . dt0_lncsr2
dt_lo_regs.ditO_fincsr2

0z0000;
dt_fto_regs.dtO_tncsr2 | buffer_no;

/% display */
dt_lo_regs.dtO_outcsr » dt_lo_regs.dt0_outcsr & 03fff0:;
de_lo_regs.dt0_outesr = dt_lo_regs.dtO_outesr | out lue;
ds_lo_regs.d:0 outcsr = di_dlo_regs.dr0_outcsr | 020080;
tamp = gemp ¢ 4;

dt_to_regs.dt0_outcsr

dt_lo_regs.dtO_outcsr | temp;

/% stert digitization */

de_lo_regs. dt0._incsrl] = ds_lo_regs.dtO_inecsrl |\ 020080;
while{{ds_to_regs.4:0_3ncsr]l & 030030) e 0) /°* walr */

;rcct:

defanly: /* group 1 */
de_lo _regs . dil_incsrl » dt_lo regs.dtl_Incsrl & 02ff00;
fa_lut = in_lur & 020007; /% get valld numbers °/

out_lut = our_Jlut & 020007;
buffer.no = buffer_no & 0x0001;

Alé
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temp o duffer_no:

% selecs luts */

duffer_no = buffer_no
dt_lo_regs.dtl_incsrl

7®* z28lect mode and alu Junction ®/

I® display */

dt_lo_regs.dti_lncsr2
dt_lo_regs.dtl _lncsr2

dit_lo_regs.dtl_outcsr
dt_lo_regs.dtl_outcsr
dt_lo_regs.dtl _outcsr
temp = temp ¢ 4;

di_to_regs.dt ] _outcsr

/® steret diglslization ®/

ce 7;

» 23 s R
e £ L] L L) 3
n L ] 9 9 %3 k]
* &3 > 2> > >
S *X D a0 9 o

o dt_to regs.dei_kncsrl | da_lut;

= 020000;

o dt_lo_regs.drl_tncar2 | buffer_no;

» dt_lo_regs.dtl _outcsr & 02fff0;
= dt_lo_regs.dtl _outcsr | out_lue;
o dt_lo _regs.dtl _outcsr | 020080;

= dt_lo_regs.del_outcsr | temp;

di_lo_regs.dtl_incsrl « dt_lo_regs.dti_tnesrl | 0x0080;
while((dt_to_regs.d2]1 _1lncsrl & 020080) 1e 0) /* wait ®/

5r¢¢k:

return(l);

/® copy_frame.c - Thils program will create & sequentlial file using RS,
and copy the lmage In the frame specfled by Integer
FRAMENC (0,1,2 or 3), to the file specified in

the char string arrcy FILE_NAME.
The function returns e 1 If bt successfully completes
the transfer or 0 I f some fallure accured.

The file that Is created {s of flxed length record,
512 block long, with each pizel comprising e byte

*/

in each record. Record 0 contains

line ] etec.

einclude “virt_frames.h*

glodalref char frame0(512][512]:
globalref char framel(512](512]:
glodalref char frame2[512])[512];
globalref char framed(S12][512];

oinclude rms

copy_frame(frame_no.fils_name)

int frame_no:;

char jll;_}umcl]:

char ('pxrfrcme)i.”Zl.‘
char buffer[512)[512);

ine 1,J;

struct FAB seg_fab;
struct RAB seq.rabd;
reglater status:

/°Inlstlalize the FAB ané RAB

e/

Al7
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: ”e 2 » 8 3 3
% 259 93 L] 3>
seq_fad = ccSrms_fab; -
3eq.rab = cc3rms_rab; ’
seq_fabd.fab3l_fne o flle_name;
seq.fab.fadsb_fns = strlen (flle_name);
seq._fad.fab3b_fec o FABSM PUT \FABSM _BIO;/%wrilte sccess®/
seq_fab. febSw_mrs - 8512: /"mex record slze®/
seq_Jfab.fabsd_rfm o FABSC_FIX: Iofix lenght reacord */
seq_fab.fab3h _org o FABSC_SEQ: /® sgequentiel access */
seq_rad.rabsl_fad o &350q_Jabd;:
seq_rab.rabdsi_bk: ‘- 0;

seqrad.radlw_rsz - §5024; /° byte per block transfer/

/% choose Image duffer to be copled to disk file */

lj(jramqiﬂo == 0)

Jor(le0;4¢eS511;:1+4)
for‘-,'a Jem=S511:]ee)
bufferlt]l]]=frameolt]l}]:

else lf({rame_no = )

Jor(ie0:tca81);:l+e)
Jor(j=0;jco851]1; jos)
; bufferlt]lj]eframellt][}];
else lf({rnm:_no o= 2)

Jor(1e0;:1caS11;1++)
for(je0:jcmS11;jes)
bufferfi]f{jleframe2[t]l]]:

else

{
Jor(l=0;t¢a821:14e)
Jor(j=0;jcm511;jee)
b“ff"[l][J]-frach[l]lj]

}
ptrframe o buffer;
seqg_rad.red3l_rdf = prtrframe; /%write buffer address parameter®/

/%Crecte the flle and connect the record streem */

8f (({s1a2us @ SYSSCREATE (d&seq_fab)) & 1) = 1)
goto error; )

if (({s32atus = SYSSCONNECT (dseq_rad)) & 1) 1= 1)
goto srror;

/* do block tranfers in 4 sectlons, 127 lines aach */

Jor(l=0;lcm3;lee)

Alg
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error:

/%next 3

*/

next_ste
short *{
int ®z_v

olnclude
einclude
oinclude
®include
einclude
oinclude
oinclude
®include
odefine

odefine

EP 0 363 931 A2 AL RANLEN

2 k]
0 * a 9 A >0 e
» 3 9 o o 2
LA L] >0 at L]

Vif (((status = SYSSWRITE (dseq_read)) & 1) t1= 1)
goto error;
ptrframe = ptrframe + 127;
} seq_rab.rab3l _rbdf = ptrframe;
/% copy the remaining 4 lines, 2048 bytes */
seq_rab.rablw_rsz = 2048;

8 ({(scasus = SYSSWRITE (dseq_radb)) & 1) 1= })
goie error;

/* close the file */

8f (((status = SYSSCLOSE (&seq_fad)) & 1) 1= })
goto error;

/® reset write parameters g0 next process wrlte will stars at top
of frame */

ptrfreme = buffer;
seq_rab.raddw_rsz = 65024;
seq_rab.rabll_rbf o ptrframe;

/% total bytes per block transfert®/

return(l);

return(0);

tep.C
This program sends joy stick commands to the Leltz's controller

plichen.x_val,y_vel, steps)
¢han ,"steps;
al,%y_val;

math

3tdito .
descrip

todef

£3def

ttdef

t12def

dedef
BUFLEN 200
BUF1 10

int znum, ynum;

short st
short .
shors te
statiec 2
Int mask

stus, preaps:
J.chaanel 2ign:

rm_mask][2] = {0,020 | 0z20a};
hors loshle):

[2] = {0.,0x20};

Int mask2[2) = {0,0216);

dns four_mesk[2] = {0.0220):

statlc char buffer2[BUFLEN];

static unsigned char buffer[BUFLEN] zy buffer[BUFLEN];

Al9
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Int eq_mask[2] = {0.0220}; .
dnt eq_maskl[2] = {0,0312); ' .
char mask_1{3);

char zval[10]:

char yvell10]:

char mask_addr *jstick;

char stg_mask = 0x4d;

char maskd = 0z11];

ehar nul_mask(3] « {0205,0280,0280};

ehar stop_mask = 0x5b;

char chr;

ehannel =« *{chean;

IREm @ yaum = 0;

l‘l..l.....Il..'l....l..'.'.l...l-....ll...'..ll'.llll..'....'....l

PERFORM commond (READ “EQ° FRON CONTROLLER)

......I‘l....l....‘l.‘l‘l...l.-l.....'..ll'l.ll.'..‘.'ll.'.........I

printf ("\a"):
printf ("reading **inquire®® from controller\an®);

prinef ("\n°);

status o SYSSQIOW( ] chonnel , JOS_REAINVBLX | lOSM_NOECHO
| JOSM_NOFILTR | IOSM_ESCAFE,
&lo;b.0.0.bu{fcr.EUFLEN.O.cq_nask.
0.0) & I1;

I'.'..lll'll.l.llll..l.ll'..llll.llllll'lllll.ll..l'l.lllllll.....

SEND EQ NUL MUL AS REPLY TO EQ

..-..l.'...l..ll...l.llIl'lll.ll.llll'..l'l'l.lll..".‘ll..l.l.../

Jtatus = SYSSQIOW(]1,channel , JOS_WRITEVELE | IOSM _NOFORMAT ,
&lesd,0,0.4nul_mask ,3.0,0,
0.0) & 1;
I..l.ll.....l.l.l.l.."l'.."l'.'.'.l.l'.'I...ll.l..'.l.'......l..l.

INCREMENT STAGE STEPS

.‘.llll.llllll.ll.l...l..lll.ll.llllll'.ll.".'ll..lll'...l."l‘l"/

Piteps = ®steps;
pIteps+e;
03t8ps « pateps:

printf{"\nnumber of steps = ®d",psteps);
priatf(°\a*);

I'.‘l.....ll.l..ll."l...l....'ll'...l..lll.....l.l.'l".l.‘l."...

PERFORM command ( SWITCH “STG NEXT*® ON)

..'.l....ll.....lll.l.l...‘l'.‘llllll...l.l."l..ll..l.....ll‘.l.l.,

prinetf (°\n°):
printf (°writiag **STG NEXT®® TO controller\a®);

prinsf ("\a°);
status » SYSSQIO¥N(1.,channel ,JOS_WRITEVBLY | JOSM_NOFORMAT .

&losh,0,0,4350g _mask 1,0.0,
0.0) & I1;

A20
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"ll.l.l...l...l.llI.ll..ll.......'.....ll...l..llll..l.l..‘l‘l....

PERFORM command (READ °EQ® FROM CONTROLLER)

..'.'l...ll.ll.....l..l....l..l..l.l'l.ll.........l....‘..l'.......’

status » SYSSQIOV(1,channel  I0OS_READVBLK | IO0SM_NOECHO
! JOSM_NOFILTR | JOSM_ESCAPE,
:lo;b.0.0.bujfcr.RJFLEV.O.cq_muk.
0) & 1;

l..'.‘...l..........-..l.'.'l...l....l.l..ll‘....l.l'l'.....ll....

SEND EQ NUL NUL AS REPLY TO EQ

...‘.l‘l‘l..'ll...l.ll-...l.l.lll‘l.ll.l..'.ll.ll.ll....l.ll.l.../

status « SYSSQION().channel ,JOS_WRITEVEBLX | IOSM._NOFORMAT,
&lo;b,0.0.&uul_na:k.3.0.0.
0.0) & I1;

Illl...‘.lI..l..II..IIlll....lll'l.l.llllll..l...l."..ll'l.l.lllll

PERFORM command (READ “EQ" FROM CONTROLLER)

...l.ll..l.l‘ll.'.l.ll.l..lll.l.....l.l‘l!l.l'.l.l.‘l.l‘l.‘.'l.llll/

Status o SYSSQIOVN(].channel ,IOS_READVBLX | IOSM_NOECHC
| JOSM_NOFILTR | IOSM_ESCAPE,
&iosh,0,0,buffer BUFLEN 0 ,eq_mask,

0.0) & 1;

I.l...'.l.l'&l..l.."l..l.l"ll.l.ll..l'lllll.......l.l.l..'l'..'.

SEND EQ NUL NUL AS REPLY TO EQ

..l..l.l.l.l.ll......l'l..'..lll....llll.ll.ll.lllll....l.'...l../

status = SYSSQIOW(1.,channel  JOS WRITEVBLX | IOSM _NOFORMAT ,
&losk ,0,0,.4nul _mask 3.0.0,
0.0) & 1;

,...‘..ll.l.ll.llll.‘lli.'..'ll.l...l.ll..l.l..ll....l..l.....l..l.

PERFORM command (READ CO-ORDINATES FRQM CONTROLLER)

..l.lll.l"l...l..IlllllI.l..'ll.llll.l.I...Il..l.l.l.llll.'...ll.'/

‘status e SYSSQIOV(1.channel JOS_READVBLX | IOSM_NOECHO
| JOSM_NOFILTR | lOSM_ESCAPE,
diosh ,0,0,xy buffer BUFLEN O, ,8q.mask,

0.0) & 1;

I.....l.......lll'-l....ll..ll.'.'...'ll.....l..."...'l.ll...l...

SEND EQ MUL NUL AS REPLY TO EQ

....'..ll'l..l‘l...l.'l.l.l.I.l......I.....l.l........l.l“...ll./

status = SYSSQION(1.channe!l  JOSWRITEVBLE | IOSM _NOFORMAT ,
&losb 0.0,.&4nul_mask 3,0.0,
0.0) & 1;
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I.OO"...II.'I..".-.'l.l.l.ll.l..lll'l...ll.'l...'...l"...l".".

PERFORM command (READ “EQ° FROM CONTROLLER)

..l...ll..l.l..lllll........llll‘lll“l...ll.l..lll...l.‘.".'....l,

s2atus = SYSSQION(1.channel ,JOS_READVEBLE | JOSM_NOECHO
| JOSM_NOFILTR \ IOSM_ESCAPE,
&lo;b.o.o.xx_huffcr.BUFLEN.O.cg_nask.
0.0) & 1;

,.l.l.‘.l'.‘.!'....l..lll'.'l"lll.l.l..'.'...l‘ll.."‘.""'l.'..

GET X & Y VALVES

.l...B.l..ll‘.l.lll..'l.l.‘...ll..ll.lll.....l“l...l.......l"‘../

prinef (“\n*);

!;' ({ « 0:1 ¢ BUFLEN; l++)
24 szy..buffcr[l] .- *e')

zval[0] o '-°;

zval(l] = zy_buffer{l « 1];
svall2] = zy_duffer{l « 2];
zval[3] = zy_buffer[l « 3]:
zval[4] » zy_buffer[l + 4];
zval[8) = xy_buffer[l « 8]:
zval[6] » sy buffer{t « 6]:

8 }zx_buffcr[!] we 'e')

yval[0] » "«';

yval{l] o zy_bufferft « 1];:
yval{2] = zy_buffer{l « 2);
yval[3] = xy_bufferll « 3);
yval[4] = 3y duffer{t + 4];
yval[5] = zy_buffer{t « 5):
}yvcl[él o sy _buffer{t « 6];

}
,..I.l.l.l‘l'l..lll..'.'.l...'lIl.l.lIll..lllll'.l‘.l..l...l..

CONVERT X ARRAY VALUES TO SINGLE INTEGER

‘..llll...lll...'lll...l...l.ll‘l.'...l....ll'.....l...‘l...l/

sign = J:
4 =0;
8f (zval[i] == *-*)
{ sign = =);
t =« 1;

Jor (znum = O:xvallil] »= '0° && zval(l] ¢a '9°;le+)
Znum = 10 * znum « xvell[d)] - '0°:

XRum = glgn ® znum;
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,l..'.ll'....l.l.'..l.l...l..ll.lll.l.lllll...........lll.ll;;

CONVERT Y ARRAY VALUES TO SINGLE INTEGER

..l.l-l.l..l....ll.l..‘...l.llll.ll.l."...."..llll..'l...'.,

sign » 1;
§ »0; ’
lf‘(yvalll] o= *-')

sign = <];

d = 2

Jor (ynum « O;yvelftl] se "0’ && yvalll] ¢= *9':1ee)
yrum @ 10 * yaum + yval[i] - °0°;

yRum @ sign ® ynum;

l."l.......l'l‘."l.ll.‘ll'.l.ll....I."..l......lll.l....'

RETURN COORDINATES TO CALLING PROGRAM

l.l'.....l..l.l..ll‘ll.l....‘l.lllIlll.'.‘.O.ll.'.'..l..'l./

¢z .val « znum;
®y_vel = ynum;

return (3tatus);
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