Scanning Lens Theory

Off axis deflaction through a locusing lens system will,
im general, form aberrated images in a curvad plansg as
oppoesed tooa more desirable flat surface. A flat field
scanning lens is a specialized lens system in which the
focal plane of & deflected laser baam is a flal surlace
The moest commaon uses of flat field scanning lenses
are: Laser Machining, Paltern Generation, Lagser Writing,
Engraving and Markimg. Additional subclasses of
scannimg lenses areé F-theta lenses and Telecentric
lenses.

F-theta Lenses

In the absence of distortion, the position of the ToGused
spol is dependent on the product of the Focal length (F)
and the tangent of the dellection angle {#). When the
lens ia designed with built-in barral distorlion, the
pasiticn of the focused spot can then be made dependant
orni tha product of F and &, thereby simplitying positicning
algorithms. Lenses designed in this way are called
F-theta lenses,

Telecentric Lenses

& significant feature of scanning lenses s the angle {4
at which the focused beam strikes the work surlace. In
a typical lens, the beam will be normal 1o the surlace
only when the input beam is propagating along the lans
axis. As the laser beam is dellected off axis, the angle
mowves off normal.  This affects both the spol size,
which becomes elongated, and the wall angle for cutfing
and drilling applications, Al the cost of complexity and
expense, the design of tha lens can ba such that the
heam will strike narmal to the work surface aver the
anfire scanning field. This type of lens (5 defined as
Telecentric. Telecantric lensas ara almost always larger
and more pxpensive than standard scanning lensas.

Deflection Angle

Figure 1 s & diagram of the standard parametars used
for describing and specilying scanning lenses. The
angle betweasn the input laser beam and the lens sysiem
axis is called the deflection angle. Theta (4) is the
maximum daflaclien angle allowed belore the laser
bheam experiences vignatting through the lans system
af belore the diffraction limited point ia exceeded.

J—amn ——=
BFL -
Image
Hlano

Fig. 1

Entrance Pupil

Tha aentrance pupil defines the origin of the laser
deflection as wall as the accaplabla beam diameatar and
mlrrer size combination. If a single mirror systam is
used, the mirror i placed at the entrance pupil position
and the maximum usable beam diameter is equal to the
antrance pupil diamatar (A, 1 a wo mirror System |s
used for deflection im both the x and v directions, than
the mirrars are placed on elther side of the entrance
pupil position and as closa 1o each other as possible,
Mowing the origin of the beam deflection off of the pupil
position and away from the lens system effectively
reduces the allowable beam diameter and dellection
angle, The maximum laser beam diameter for a two
axis deflection system which has been displaced a
distance L from the entrance pupil is given by

A' = A[ 1 - (2L FA)tan #]
whsra B is Rall he maximum deflection, and L is the
offzet distance of tha mirrar. 1T the mirror is placed
closer to the lens aystem L is 8 negative number and
the effeclive aperlure iNCreases.

Front Working Distance

The Front Working Distance (FWD) is the distance from
the entrance pupil to the lens housing.  In & fwo axis

SPECIAL OPTICS - 315 Richard Mine Road, Wharton, New Jersey 07885 Phone 973-366-7269

36 Fax 973-366-7407

E-mail SpecOptEacl.com



aystem the physical working distance is less than the
actual working distance sinca the entrance pupil pasition
is betwesn the two positicning mirrors.

Scan Field Diameter

The scan field diameter datermines many of the ovearall
lens specilicalions.  Once a4 scan lield diameler is
detarmined, it along with the focal length defines thea
deflection angle required, since the focus position is
proportional to the product of F x 6,

Back Working Distance

The distance from tha work surface to the ouiput side of
the lene housing is the Back Working Distance (BWDO).
Depending on leng complaxily and the degroe of
talecentricity. the back working distanca can usually bea
epecified and controlled during lens design.

Output Scan Angle

The angle between the normal to the image plang, or
work surface, and fhe paraxial ray of the ocutput beam
is the cutput scan angle (). This angle is always zero
tar telecentric lenses,  In general & varies with the
position of the focused spot across the work surface,

Spot Size

The spot size will be most affected by the input laser
beam diamater, divergence of the laser source. and the
affective facal length of the lens system, Fora diffraction
limited lens coupled with a Gawssian sourca, the 1/e®
spot size can be expressed as

5=1.27 » x EFL/A

This eguaticn is rue Tor lens apartures which are 1.8
fimes larger than the 1/e® beam diameter. In such
instances less tham 0.1% of the beam intensity is
fruncated by the lens aperture. For a "ophatl® intensily
beam incident ower the entire lene apertura the spot
size will be spproximated by the following:

S§=2.44 )\ x EFUA

The pravious aquations predict the spot size on the axis
of the aganning lens system. For non-telecentric
dosigns, the spol size all axis will be alongaled
proportionally to the culput scan angle (&) and is given
by

§ =58/cosd

For lans systams whera 4 is less than 10 dagraes, tha
elongation is generally less than 29,
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