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DUAL BEAM LASER DEVICE FOR LINEAR
AND PLANAR ALIGNMENT

RELATED APPLICATION

This application is a continuation of application Ser. No.
08/675,655, filed Jul. 3, 1996, now issued as U.S. Pat. No.
5,838,430 on Nov. 17, 1998.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to laser systems useful for
precision linear and planar alignment, and more particularly,
to an apparatus that performs a light energy centroid mea-
surement between a pair of reference laser beams in order to
significantly improve alignment accuracy.

2. Description of Related Art

Laser emitters and detectors are commonly used in indus-
try to perform precision alignment and measurement. In one
type of such system, a laser device emits a laser beam that
can provide a relatively accurate reference line. A detector
operated in conjunction with the laser can measure displace-
ment between the beam and an object requiring alignment to
the laser axis.

Alternatively, a laser device may be oriented with a
rotating pentaprism or penta-mirror assembly that deflects
the laser beam through a precise 90° angle and sweeps the
beam to provide a flat plane that is perpendicular to the input
laser beam. The plane can be used as a reference to which
the alignment and/or position of other objects can be com-
pared. Such laser alignment systems have various applica-
tions within construction, surveying or manufacturing. In
one possible application, a laser beam alignment device
could be used in commercial construction to define a plumb
line or a planar laser beam alignment device used to build a
wall. Examples of such laser beam alignment devices are
disclosed in U.S. Pat. No. 4,676,598 to Markley et al. for
MULTIPLE REFERENCE LASER BEAM APPARATUS,
and in U.S. Pat. No. 4,662,707 to Teach et al. for LIGHT-
HOUSE STRUCTURE AND COMPENSATING LENS IN
REFERENCE LASER BEAM PROJECTING APPARA-
TUS.

Traditionally, the laser beam in such alignment systems is
generated by a laser tube containing a suitable active gas-
eous element, such as helium-neon gas. The gas is excited by
an optical or electrical source to emit a low-powered colli-
mated output beam in the red band of the light spectrum.
These so-called gas lasers produce a thermally stable beam
that is useful for producing highly accurate measurements
over relatively long distances (e.g., hundredths of an inch
over one hundred feet of distance). Despite the inherent
stability of reference beams produced by gas lasers,
however, these laser devices are also very energy inefficient,
expensive, relatively large and fragile.

In view of the noted deficiencies of gas lasers, laser diodes
have increased in commercial popularity as a suitable alter-
native. A laser diode is a semiconductor device, usually of
the gallium-arsenide type, that emits coherent light when a
voltage is applied to its terminals. Laser diodes are substan-
tially less expensive than gas lasers, and can be manufac-
tured in a smaller, rugged, more compact package. A sig-
nificant drawback of laser diodes is that they produce a far
less stable beam than gas lasers. In particular, the laser beam
does not have uniform intensity over its cross-section and
the energy of the beam decreases with distance from the
center of the beam. Moreover, the rate of change of the
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intensity is not uniform, and the center of beam energy will
periodically shift in accordance with temperature. As a result
of these deficiencies, a linear or planar alignment device
using a laser diode cannot be expected to achieve the same
degree of accuracy as gas lasers.

Prior art devices have sought to overcome the inadequacy
of laser diodes in order to approximate the stability of gas
lasers. In particular, U.S. Pat. No. 5,307,368 to Hamar for
LASER APPARATUS FOR SIMULTANEOUSLY GENER-
ATING MUTUALLY PERPENDICULAR PLANES dis-
closes a laser alignment device having a hollow spindle with
an aperture that is rotatably mounted within bearings. Laser
light from a laser diode floods the aperture so that only the
centermost portion of the beam passes entirely through the
spindle. The laser alignment device disclosed by Hamar
purports to provide a centered beam of uniform density and
circular cross-section. In practice, however, the resulting
beam still cannot achieve the stability of gas laser beams due
to thermal shifts over time within the center of beam energy
that passes through the spindle.

Notwithstanding this significant drawback, laser diodes
are still acceptable for most alignment applications. In
general, commercial construction applications do not require
a level of accuracy high enough to justify the additional
expense of a gas laser, and, in these applications, a laser
beam generated by a laser diode can provide a sufficient
level of stability. As a result, demand for laser diodes has
totally outstripped demand for gas lasers and, currently,
there are few suppliers willing to produce gas lasers to
satisty the particular applications that require greater accu-
racy than that achievable with laser diodes.

Accordingly, a critical need exists for a laser alignment
apparatus capable of providing a highly stable and accurate
beam suitable for such critical linear and planar alignment
applications. Such a laser alignment apparatus should be
capable of providing a level of accuracy heretofore achiev-
able only with gas lasers, while maintaining the economical
attributes of commercial laser diodes.

SUMMARY OF THE INVENTION

A high precision alignment apparatus is provided that
utilizes a collimated light source, such as a laser diode, to
provide a source laser beam. The alignment apparatus per-
mits the division of a pair of beam components from the
source laser beam useful for either linear or planar align-
ment. A centroid measurement between the beam compo-
nents provides a corrected linear or planar reference point
that accounts for the inherent instability of the source laser
beam and yields a high level of alignment accuracy.

In a first embodiment of the invention, a planar alignment
apparatus is provided. The apparatus comprises a laser diode
providing a source laser beam and a wedge having first and
second faces that intersect at a 90° angle. The beam is
directed at the intersection of the first and second faces of the
wedge, which have surfaces that respectively reflect the first
and second beam components in opposite directions. The
wedge is rotated about a spin axis orthogonal to the reflected
beam components and approximately coincident with the
source laser beam to cause the first and second beam
components to sweep respective planar regions. A stable
planar measurement is obtained by detecting a common
centroid of the first and second beam components, using a
photodetector oriented to permit the first and second beam
components to impinge thereon. As the source laser beam
deviates due to thermal or angular effects, the first compo-
nent will shift upward while the second component shifts
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downward, or vice versa. The centroid measurement of the
first and second beam components thus represents a
weighted average position of the two beam components that
can be used to define a stable planar measurement point for
the planar alignment apparatus.

In a second embodiment of the invention, a linear or axial
alignment apparatus is provided. A source laser beam from
a semiconductor device is divided into first and second beam
components that may be partially overlapping. A first optical
element disposed at a predetermined angle with respect to an
optical axis reflects the first beam component therefrom in a
direction normal to the axis and transmits the second beam
component therethrough. The optical axis is approximately
coincident with the source laser beam. A second optical
element collinearly reflects the reflected first beam compo-
nent back to the first optical element, the first beam com-
ponent being thereby transmitted through the first optical
element. A third optical element disposed normal to the axis
coaxially reflects the second beam component back to the
first optical element. The reflected second beam component
thereby reflects off of the first optical element in a partially
overlapping manner with the first beam component.

A linear or planar alignment measurement is made by
detecting a common centroid of the first and second beam
components. A photodetector is oriented to permit the first
and second beam components to impinge thereon and pro-
vide the common centroid measurement therefrom. Thereby,
the collinear and overlapping beams provide a reference for
a linear alignment system. Alternatively, by rotating the
overlapping beam components about the optical axis, the
beam components sweep a planar region to provide a planar
alignment system.

In a third embodiment of the invention, a planar alignment
apparatus is provided. A semiconductor laser source pro-
vides a laser beam that is divided into a first and second
beam component directed in opposite directions. A first
optical element disposed at a predetermined angle with
respect to an optical axis approximately coincident with the
laser beam reflects the first beam component therefrom in a
direction normal to the optical axis and transmits the second
beam component therethrough. A second optical element
collinearly reflects the transmitted second beam component
back to the first optical element, with the first beam com-
ponent being thereby reflected therefrom in a direction
normal to the optical axis and opposite to the direction of the
first beam component. The first and second beam compo-
nents are rotated about the optical axis to sweep respective
planar regions, and a common centroid measurement of the
first and second beam components is made to provide a
planar alignment system.

In a fourth embodiment of the invention, a planar align-
ment apparatus is provided. A semiconductor laser emitting
source provides a laser beam and the laser emitting source
is rotated about a spin axis approximately coincident with
the laser beam at a first rotational rate. The laser beam is
reflected in a direction normal to the spin axis by an optical
element having a plurality of reflecting surfaces, which is
rotated about the spin axis at a second rotational rate to cause
the reflected laser beam to sweep through a substantially
planar region. The first rotational rate is half that of the
second rotational rate. A centroid measurement of the
reflected laser beam provides planar alignment information.

In a fifth embodiment of the invention, a planar or linear
alignment apparatus is provided. A semiconductor laser
source provides a laser beam that is divided into collinear
first and second beam polarization components. A first
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optical element disposed at a predetermined angle with
respect to the laser beam reflects the laser beam therefrom.
A second optical element reflects the first beam polarization
component therefrom back to the first optical element, the
first beam polarization component being thereby transmitted
through the first optical element in a reference direction. The
second optical element further transmits the second beam
polarization component therethrough. A third optical ele-
ment coaxially reflects the second beam polarization com-
ponent back to the first optical element, the reflected second
beam polarization component being thereby transmitted
through the first optical element in a collinear manner with
the first beam polarization component in the reference
direction. A common centroid of the first and second beam
polarization components provides linear alignment informa-
tion. Alternatively, the first and second beam polarization
components may be rotated about an axis orthogonal to the
reference direction to sweep respective planar regions. A
common centroid measurement of the first and second beam
polarization components is made to provide planar align-
ment information.

In a sixth embodiment of the invention, a linear or planar
alignment apparatus is provided. A collimated light source
provides a laser beam that is divided by an optical element
into collinear first and second beam components. The optical
element comprises a plurality of surfaces and a partially
reflective boundary. The laser beam impinges upon a first
surface thereof and is internally deflected into the optical
element. A first beam component is reflected from the
partially reflective boundary and passes through a second
surface of the optical element in a reference direction. A
second beam component is thereby transmitted through the
partially reflective boundary and passes through a third
surface of the optical element in the reference direction. A
common centroid of the first and second beam components
provides linear or planar alignment information.

In a seventh embodiment of the invention, a planar
alignment apparatus is provided. A collimated light source
provides a first and a second laser beam that are directed in
opposite directions. The collimated light source is rotated
about an axis to cause the first and second laser beams to
sweep respective planar regions. A common centroid of the
first and second laser beams provides planar alignment
information. The collimated light source further comprises a
gas laser.

A more complete understanding of the dual beam laser
device for linear and planar alignment will be afforded to
those skilled in the art, as well as a realization of additional
advantages and objects thereof, by a consideration of the
following detailed description of the preferred embodiment.
Reference will be made to the appended sheets of drawings
which will first be described briefly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a first embodiment of the
laser alignment apparatus of the present invention;

FIG. 2 is a front view of a centroid measurement device
of the first embodiment having a first and second beam
component impinging thereon;

FIG. 3 is a block diagram of a second embodiment of the
laser alignment apparatus useful for planar or linear align-
ment;

FIG. 4 is a front view of a centroid measurement device
of the second embodiment having a first and second beam
component impinging theron;

FIG. 5 is a block diagram of a third embodiment of the
laser alignment apparatus useful for planar alignment;
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FIGS. 6a and 6b are front views of centroid measurement
devices of the third embodiment having a first and second
beam component impinging thereon, respectively;

FIG. 7 is a block diagram of a fourth embodiment of the
laser alignment apparatus;

FIG. 8 is a block diagram of a fifth embodiment of the
laser alignment apparatus;

FIG. 9 is a block diagram of a sixth embodiment of the
laser alignment apparatus; and

FIG. 10 is a block diagram of a seventh embodiment of
the laser alignment apparatus.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention satisfies the critical need for a laser
alignment apparatus capable of providing a highly stable and
accurate beam suitable for critical linear and planar align-
ment applications. The laser alignment apparatus provides a
level of accuracy heretofore achievable only with gas lasers,
while maintaining the economical attributes of commercial
laser diodes. In the detailed description that follows, like
reference numerals are used to describe like elements illus-
trated in one or more of the figures.

Referring first to FIG. 1, a first embodiment of a planar
laser alignment apparatus is illustrated. The laser alignment
apparatus comprises a collimated light source 12 and a
rotating wedge 22. The laser device 12 may be a conven-
tional semiconductor device, such as a laser diode, which
provides a laser beam A. The wedge 22 has a central axis Z
aligned approximately coincident with the laser device 12.
Since the laser beam A provided by the laser device 12 is
inherently unstable, it should be apparent that the central
axis Z does not precisely coincide with the laser beam. The
wedge 22 has first and second reflective surfaces 23, 24
disposed at an end thereof that intersect at a 90° angle to
form an edge 25. Each of the first and second reflective
surfaces 23, 24 are respectively disposed at a 45° angle with
respect to the central axis Z of the wedge 22 and laser device
12.

Amotor 28 is coupled to the wedge 22 by a shaft 27 which
enables the wedge to rotate about the central axis Z. The
wedge 22 may be comprised of a thermally stable material,
such as glass or quartz, and may be provided with a
reflective coating on the surfaces 23, 24. As known in the art,
the laser source 12 and wedge 22 may be further disposed
within a housing 20 that provides a mechanical structure to
control and permit adjustment to the relative alignment of
the operative elements. The laser source 12 is coupled
mechanically to the wedge 22 via the housing 20 so that the
laser device and wedge rotate in unison. The laser source 12
emits a beam A directed along the central axis to the
intersection 25 of surfaces 23, 24 of the wedge 22. Upon
uniformly striking the surfaces 23, 24, the beam A divides
into respective beam components B1, B2. Rotation of the
wedge 22 causes the beam components B1, B2 to sweep
respective planar regions useful for planar alignment. The
housing 20 may further include windows or other openings
that permit the beam components B1, B2 to project there-
through.

Abeam target 30 is disposed remotely from the wedge 22
and is oriented so that the beam components B1, B2 will
impinge thereon in an alternating manner as the wedge 22
rotates. The target 30 provides a centroid measurement of
the beam components B1l, B2, and can be provided by
conventional one or two-axis lateral-effect photodiodes
formed from a semiconductor material. The photodiodes
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produce electrical current based upon the energy centroid of
the respective laser beam components. The photodiodes
produce an output that corresponds to a weighted sum of the
combined light energy of the beam components B1, B2 to
define a single center point of the combined light energy.
Alternatively, the target 30 could be provided by a charge
coupled device (CCD) type device which could be config-
ured to provide similar energy centroid data. In either
embodiment, the centroid measurement is read out using
conventional electronic systems. A rotational rate would be
selected for the motor 28 that is high enough to permit the
beam components B1, B2 to appear as a uniform planar
surface, while low enough to not overly complicate the beam
target 30 electronics.

As illustrated in FIG. 2, the beam target 30 has spots
projected thereon that correspond to the beam components
B1, B2. It should be apparent that the beam components B1,
B2 do not simultaneously impinge upon the target 30, but the
beam components can be made to appear to impinge simul-
taneously by defining the image persistence of the target to
be greater than the rotational rate. Ideally, the spots formed
by the beam components B1, B2 would overlap each other
precisely if the source beam A were thermally stable. In
practice, however, the instability of the source beam A
causes the spots formed by the beam components Bl, B2 to
diverge in a symmetrical manner along the Y-axis dimension
on the target 30. As a result, the impinging beam compo-
nents appear on the target 30 as separate spots disposed
above and below the X-axis, respectively, with the distance
between the spots varying with the thermal instability of the
laser 12. The centroid measurement of the beam components
B1, B2 is illustrated in phantom at spot C, which remains
constant and represents a thermally stable reference point for
the planar alignment apparatus.

FIGS. 3 and 4 illustrate a second embodiment of a laser
alignment apparatus configured to provide either linear or
planar alignment. The laser alignment apparatus may be
included within a single housing illustrated in phantom at
20. As in the first embodiment, the laser alignment apparatus
comprises a collimated light source 12 provided by a semi-
conductor device, such as a laser diode. The light source 12
provides a laser beam A that travels in a direction approxi-
mately along a central axis Z. As noted above, the inherent
instability of the laser beam A results in the beam not
precisely coinciding with the central axis Z.

The laser beam A passes first through a polarizing device
14 to enhance the polarization of the laser beam A, and then
through a retardation plate 16. The retardation plate 16
isolates the light source 12, and may comprise a quarter-
wavelength (3./4) optical plate. Alternatively, the retardation
plate 16 may be used to match the power of the two beam
components (described below), and for that purpose may
comprise a half-wavelength ()./2) optical plate. Further, the
polarizing device 14 and/or retardation plate 16 may also
include anti-reflective coatings that prevent stray reflections
of the laser beam A back toward the laser beam source 12.
Such reflections could cause undesirable oscillation of the
laser beam source 12 that would result in temporal instabil-
ity of the laser beam A. In this regard, the polarizing device
14 and retardation plate 16 act as an optical isolator or diode
to protect the laser beam source 12.

The laser beam A is divided into two beam components
B1, B2 by a beamsplitter 46, a retroreflector 42 and a
reference mirror 44. The beamsplitter 46 may comprise a
glass plate having a coating on a lower surface thereof that
causes a portion of the laser beam A to reflect therefrom to
provide the beam component Bl. The beamsplitter 46 is


















