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ABSTRACT. A simple method for sensing the 1-D position of a Gaussian beam is proposed. The
method makes use only of a commercial power meter and a knife edge avoiding then, the use of the
so called position sensing detectors. By using the usual formulae for Gaussian beams we deduce
the position of the beam in reference to the knife as a function of the measured power of the meter.
The method is limited to measure deviations of the beam as large as the width of the beam; we
show that the accuracy of the method depends on the relative position, as well as on the total
power and the width of the beam. We show some experimental results.

RESUMEN. Se propone un método simple para medir la posicién de un haz gaussiano en una
dimensién. El método hace uso de sélo una navaja y un medidor comercial de potencia, y no requiere
el uso de los conocidos detectores de posicién. Se deduce una expresién para la posicién del haz,
relativa al borde de la navaja, como funcién de la potencia medida a partir de las férmulas usuales
para haces gaussianos. La limitacion del método estd en la imposibilidad de medir desviaciones
del haz mas grandes que el didmetro de éste. Se muestran algunos resultados experimentales y se
discute la manera de extender el método a dos dimensiones.

PACS: 07.60.—j; 42.60.Jf; 42.80.—f

1. INTRODUCTION

Accurate measurements of the position of laser beams have become an important task
for many applications. For example, we can mention all the methods for profiling optical
surfaces by measuring the deviation of a reflected He-Ne laser beam [1]. In such methods,
the location of the beam ranges from direct visual observations on a screen [2] to the
use of specialized detectors such as the bicells [3], quadrants [4] or the lateral effect
photodiodes [5]. Often, the visual techniques take advantage of the diffraction pattern
produced by some aperture [6] or some obstacle [3, 7].

In the present paper an alternative method for measuring the position of a Gaussian
beam as those produced by lasers working in the TEM., mode. The basic idea consists of
blocking out about a half of the beam with a knife edge, while the power of the transmitted
beam is monitored by a detector. The power variations sensed by the detector are closely
related to the movement of the beam at the knife edge plane.
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2. BASIC THEORY

2.1. Relation between the measured power and the position

As is well known the irradiance pattern of a Gaussian beam is given by

Ta) = Roewp |- 222, )
0

where I, is the maximum irradiance of the beam at its center of symmetry, and ry is the
radius of the beam measured at the point where the irradiance has a value of Ip/e?.

Thus, when a part of the beam is blocked out by a knife edge parallel to the y axis,
and located at a distance x from the center of the beam, the power incident on a detector
behind the knife is given by

P@)= [ :° [ ;I(:c',y) ds' dy, )

where it is assumed that the opaque zone of the knife edge is on the semiplane z' > z.
It is easy to show that Eq. (2) becomes

P(z)=1Pr [l + erf (%)] g (3)

where Pr = 2721, is the total power of the unblocked beam, and

ol = % j; exp(=t?) dt', ()

is the well known Gaussian error function.

Due to the fact that Eq. (3) gives a monotonous relation between the power, P(z),
measured by the detector and the position, z, of the knife edge, relative to the center of
the beam, it is possible to revert unambiguously the relation and obtain the position of
the edge as a function of P(z). Solving Eq. (3) for z:

= Jo -1 |28
m—ﬁerf Pr 1], (5)

where erf™! means the inverse of the error function; this relation tells that for each
transmitted power, P, a position of the knife edge is given. Eq. (5) is useful only when the
knife is blocking out a part of the beam; otherwise, P = 0 when the beam is completely
blocked out, or P = Pr when the knife does not block out the beam at all, yielding a
wrong result. It must be clear that for measuring z, it is necessary to know both, the
radius of the beam, rq, and its total power, Pr.
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2.2. Linear aprozimation

It is not so easy to evaluate the inverse error function in a exact way. Apart from using
a set of tabulated data, the error function, however, may be described as a power series
of the argument, thus several approximations may be done for a numeric evaluation of
Eq. (5).

In the experimental setup, for the case that the knife edge is either located at the center
of the beam or very close to it, and when the beam moves a very small distance far from
the initial point, it is possible to use the linear approximation, in such a case

m=\/§m[2}3§_1]. ©)

Such an approximation yields a sistematic error that can be evaluated; for example, if
the measured power differs from a half of the total power less than 9.8% of Pr, the position
evaluation by using the linear approximation does not differ from the exact calculation in
more than 1% of the beam radius ro.

A word of caution has to be said at this point. For a laser beam whose power variations
are appreciable, one has to measure also Pr in order to correct Eq. (5) or (6) for this
effect. For an intensity stabilized laser this effect may be neglected in some cases.

In any case, it is necessary to know the radius of the beam and its total power. The
literature reports several methods for measuring the radius [8, 9, 10], these methods are
not easy to use in a direct way. In what follows a very simple method is proposed.

2.9. A method to measure the beam radius g

The linear approximation given by Eq. (6), allows to determine the radius of the beam
by measuring the slope of the curve in a plot of P vs x, when the knife edge located at
the center of the beam. Calling m to the slope, the radius is given by

2
To = ; % (7)

The total power, of course, is easily measured.
The experimental result can be compared with the value obtained by directly locating
the Ip/e? points in the plot P vs x, where the abscissas are given by the next values:

z_ =z(0.02275 Pr) and x4 = x(0.97725 Pr), (8)

where z(P) means the position of the knife edge at which the measured power has the P
value.
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2.4. Error analysis

The error associated to this method is given by the derivative of the position with respect
to the measured transmitted power; then, from relation given by Eq. (5), we find that

T To 22 1
= -~ = — 9
bz = 7 PTexp[Tg]éP @) 5P, 9)

where

+o0 T :1:2
1@)= [ rawas=[Famen [-2£] (10

is also a Gaussian expression. Then the method has less error when the knife edge is
located at the center of the beam; in such a case

§z(z = 0) = g ;;r—"&P. (11)

Eq. (11) shows that the method is more sensitive for measuring the beam position
for a powerful and for a narrower beam. However, this result limits the operation range,
because the error significantly increases at the edge of the beam.

For example, the Spectra-Physics stabilized laser, model 117A, has a nominal beam
radius 7 = 0.25 mm, a measured total power Pr = 1.7 mW, and a nominal intensity
stability of 1%. Assuming that is possible to measure the power of the beam with an
accuracy of 17 uW, then one can sense the position of such a laser beam with a sensitivity
of about 3 micrometers in the very central part of the beam. If a positive lens is used
to reduce the radius of the beam, for example to a tenth of its original value, then the
sensitivity is increased to 0.3 micrometers. Of course the lower radius of the beam that is
possible to get is limited by diffraction.

3. EXPERIMENTAL PROCEDURE

For testing the proposed method the experimental setup is very simple (see Fig. 1). It
consist of a 1.7 mW stabilized Spectra Physics He-Ne laser Model 117A, a knife edge
and a silicon photodiode. To secured them from unwanted movements and vibrations,
the three elements were screwed on a breadboard. The support of the knife edge was
screwed on a precision translation stage that was driven by an actuator of the Series
850A, and controlled by the PMC300 System, both from Newport. This arrangement
gave fine movements and permitted to the knife edge to travel a distance enough to
intercept all of the laser beam. The measurement of the power of the laser light was done
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FIGURE 1. Experimental setup for testing the proposed procedure for sensing the laser beam po-
sition. Direct beam. The actuator data of the knife edge position are compared with the computed
data using the linear approximation (Table I).

by a Newport Laser Picowatt Digital Power Meter Model 835 with a photodiode Model
835-UV.

In order to measure the beam radius, the next procedure is followed. First the knife
edge is located just at the side of the laser beam, in this way the beam passes without
interception and the total power is measured. Then the actuator is moved a short distance
in order to start to blocking out the beam, the position of the actuator is read directly
from the computer screen and the transmitted power is also recorded. This procedure is
repeated until the laser is totally blocked out and the power meter reads less than a 1%
of the total power. The distance moved by the actuator in each step is different in each
case. For example, for the direct beam having a radius ranging 0.4 mm, each step is about
0.01 mm; while for a focused beam by a lens with a focal lenght of 10 mm, whose radius
is reduced to a 0.03 mm, the steps are of 0.005 mm; in this case the step size is limited
by the positioning system.

By using the recorded data as explained above, the slope of the curve is evaluated at a
half of the maximum power value, then the radius of the beam on the knife edge plane is
computed by using Eq. (7). In order to check the value of rg, its value is also calculated
by means of Eq. (8).

Inserting the ro value in Eq. (6) the position of the knife edge referred to the center of
the beam can be measured. In order to test the reliability of the measured position, the
following experiment is conducted.

After 7o and m were measured, the knife edge was located at the center of the laser
beam, and the laser power recorded. Then the knife edge was moved a short distance
and the laser power recorded again; even the Laser Power Meter have a resolution of one
thousandth of the signal, the beam power fluctuations allows only to have an accuracy of
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TABLE I. Comparison of measured valued for the relative position of the laser and the knife edge.
Direct beam. Py = 1.528 mW, rq = 0.435 mm; Az .as data given by the actuator.

N AP (mW) AT meas (mm) _ Azca (mm) §(Az) (pm)
i3 0.025 —0.0093 —0.0089 —-0.4
2 -0.027 0.0092 0.0096 -0.4
3 0.049 —-0.0184 -0.0175 -0.9
4 —0.052 0.0185 0.0185 0.0
5 0.074 —0.0275 —0.0266 -0.9

one hundredth of it. The movements were done in the interval where the linear approx-
imation was still valid. Table I accounts for the measurements done for this part of the
experiment; in the last column the differences between the data given by the actuator
displacements, AZpeas, and the computed data values, Az.,), are listed. The maximum
difference §(Az) is less than 1 gm. The variations of measured power are listed in the
second column.

The next part of the test consisted in repeating the procedure, but with a focused laser
beam by a positive lens with a focal distance of 10 mm (see Fig. 2). Clearly, here the
movements were very small; the initial and final laser power beams were measured again.
Now, a Hewlett-Packard interferometer, Model 5528A, was used so we could compared
the measurements obtained with the proposed method and the ones obtained with the
interferometer. Corresponding results of this last experiment are listed in Table II. This
last test gave an approximation around one tenth of a micrometer. For an exact evaluation
of the x values, Eq. (5) is used instead of the linear approximation given by Eq. (6). The
case N = 1 in Table II, improves to Az.,y = 2.99 um, reducing the difference with the
interferometric result to §(Az) = 0.02 pm.

For larger displacements full evaluation of the inverse of the error function has to be
done. In such a case a look up table may be useful instead of a numeric computation.

Figure 3 shows the transmitted power, P, measured by the detector as a function of
the knife edge position, z. Plot 1 is for the direct beam, whereas plot 2 is for the focused
beam. The change in the beam radius is evident.

4. ADDITIONAL COMMENTS

In the above described experiments the knife edge movements were sensed indeed, while
the laser beam was always in a fixed position. This, however, showed the feasibility of
sensing very fine relative displacements between the beam and the knife edge. Thus for
sensing the beam position, it is necessary to secured the knife edge and the transmitted
power variations yields the beam position.

It is easy to see that for sensing the 2-D position of a beam, it can be divided by a
beamsplitter into two beams and sense each one by using two knife edges in = and y
directions.
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FIGURE 2. Modified experimental setup. In this case a positive lens is used for focusing the laser
beam, reducing then the beam and increasing the sensitivity of the method. For this case a Laser
Interferometer was used for the comparison.

TaBLE I1I. Comparison of measured valued for the relative position of the laser and the knife beam
and the knife edge. Focused beam. Pr = 1.346 mW; ry; = 0.030 mm; Az, data given by the
interferometer.

N AP (mW) AZmens (Mm) Azca (mm) §(Az) (pm)
1 0.1083 —0.00297 —0.00303 0.06
2 —0.0120 0.00031 0.00034 —0.03
3 —0.1248 0.00339 0.00349 —0.10
4 0.0600 —0.00156 —0.00167 0.11

Finally, it is well worth to state that the present method can be used for any beam
whose profile does not change in time. For that case, the transmitted power profile has
to be measured and, if there is not an analytic expression for describing it, a look up
table has to be done, in order to relate the power variations to the relative beam-knife
edge position values. Due to the fact that the transmitted power through the knife edge
is always a monotonous relation, it can be reverted so that the method is usable. Caution
has to be placed for the case that the beam presents zero intensity regions, as for example
those of the non fundamental transversal modes of a laser beam, where a sligth motion of
the beam may not produce an appreciable variation of the transmitted power if the edge
of the knife is completely lying on such a region.
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FiGURE 3. Transmitted power measured by the detector as a function of the knife edge position.
Plot 1: direct beam. Plot 2: focused beam. The change in the beam radius is evident.

5. CONCLUSIONS

In this paper is shown that a position sensing of a He-Ne laser Gaussian beam can be
accomplished with very high accuracy, by only using a knife edge and a laser power meter.
The method simply consists of partially blocking out the beam with a knife edge and
measuring the transmitted laser power, then by using Egs. (5) or (6), where applicable,
compute the relative position of the beam with respect of the knife edge. The method is
direct and reliable. This technique can be used with unexpensive accesories and could be
extended to two axis position sensing and to non Gaussian beams.
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