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Abstract: A novel method for automatic ultra-precision alignment is presented. This method relies on the

modified Moiré technique, and alignment marks are used in the form of gratings. The modified Moiré

technique can effectively improve detecting sensitivity of signals and simplify the control system by using

only one pair of laser-Moiré sensors. We present the mathematical model and simulation results of diffracting

two gratings. The effect of various parameters on Moiré signals is studied theoretically and experimentally, and

the results are found to be consistent. A computer controlled alignment device using one pair of Moiré sensors

is designed. The device can achieve a fully automatic precision alignment by the modified Moiré signal. The

experimental result shows that the alignment device can obtain the resolution of 5 nm and the positioning

accuracy of +0.5 pm.
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Ultra-precision alignment technology has become
one of the most attractive research fields in recent
years. The technology is widely pursued by industries
of ultra-precision manufacturing, VLSI fabrication,
electronic product assembly, biological engineering
and nanometer technology. Several alignment methods
have been developed, but the expected accuracy can
only be achieved with the help of highly accurate and
sensitive optical methods. The Moiré technique is one
such optical method that has been considered for ultra-
precision alignment'' "®. Some experiments with
alignment accuracy at +4 nm in linear direction have
been reported in some countries.

A novel technique for automatic alignment is
proposed in this paper. We use a computer-aided con-
trol system with one pair of laser-Moiré sensors to
send out the O-th order modified Moiré signal as a
control signal to achieve the automatic alignment at
high accuracy of sub-micron.

1 Principle of Precision Alignment

1.1 Laser-Moiré sensors

Fig. 1 shows the components forming a single la-
ser-Moiré sensor. Two gratings are placed parallel to
each other. When the laser beams pass perpendicularly
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through the pair of gratings, they are diffracted by the
gratings, and transmission Moiré€ signals are obtained.
The intensity ¥,(Ax, G) of the 0-th order Moiré sig-
nals changes periodically corresponding to the position
shift of the two gratings. The relations are given as

follows!” =

V(A% Gy =A [ L W(x, Gdx, (D)

M2 M

7 L G .
W (x,G) =4, ¥ fwlr 2(1 +—)exp(—1kr)dx0
1=-M2Y —5 r

| (2)

r=[G* +(x, —x, +IP)*]~ (3)

where k = 2w/A, A is the wavelength of the light

used; P is the grating constant; G is the space between

the gratings; M is the number of slits in the grating;

W, is the width of each slit in the first grating; W, is

the width of each slit in the second grating; and Ax is
the relative displacement between two gratings.
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Fig.1 Arrangement of gratings

The calculated displacement characteristics of
transmission O-th order Moiré signal are shown in
Fig.2(a). The intensity of signals varies periodically
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within the Fresnel zone with relative displacement of
the gratings, and with the space between the two grat-
ings. The maximum intensity is obtained at the condi-

tion of G =nP*/A, where n is an integer.
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Fig.2 Displacement characteristic of the 0-th order Moiré

signals. (a) Calculated Moiré signal; (b) Measured Moiré signal

The experimental results are shown in Fig.2(b).
A He-Ne laser with the wavelength of 633 nm is used
as a light source. The experimental results correspond
nicely with the theoretical computing results.

Based on the relations presented above, the preci-
sion position can be achieved by converting the 0-th
order Moiré signals into electronic signals through
photodiode, and then detecting the displacement Ax by
measuring the signals’ intensity.

1.2 Modified precision alignment technique

In order to improve the alignment accuracy, the
precision control system is modified. This system uses
one pair of laser Moiré sensors, which is simpler than

=11 .
P11 The maximum,

the differential Moiré system
minimum and instantaneous values of the Moiré signal
intensity are examined. The inverted version of the
Moiré signal is calculated by the following equation:
Iy =1 + Lo =1 (4)
where [,, I 1 and [, are the instantaneous val-
ue, maximum, minimum and inverted version of the

Imin

Imax> ~1min>

Moiré signal, respectively. The difference of I, and I,
which is used as a control, is calculated as follows:
Sm:]l_IOZZIl_(]max+Imin) (5)

The detected intensities of Moiré signals /,, in-
verted Moiré signals /, and modified Moiré signals S,
are shown in Fig. 3. We can draw three findings: D
Modified technique doubles position displacement
Moiré signals; (2) The gradient of modified signal in-
tensity change becomes much sharper at the alignment
point, which means that a tiny displacement can cause
dramatic intensity change in that area so that the sig-
nal detection sensitivity can be improved at the align-
ment point; 3) There is a linear relationship between
intensity and granting displacement at the alignment
point so that it is possible to quantify the value of the
displacement and to judge its orientation.
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Fig.3 Modified Moiré signal system. (a) Detected Moiré
signal and inverted Moiré signal; (b) Modified Moiré signal

The intensity of the modified Moiré signal chan-
ges periodically with the relative displacement of the
two gratings. In one cycle, the point at which the
modified signal intensity is zero is treated as an align-
ment point; the precision alignment range is from
—P/2 to + P/2 of the alignment point.

2 Apparatus of Precision Alignment

Fig. 4 shows the schematic diagram of the appa-
ratus of the precision alignment. The laser generates
one bundle of laser beams; this bundle is sent through
a set of spectroscopes and gets separated into two bun-
dles of laser beams. Then the beams perpendicularly
pass though a pair of gratings, which diffracts trans-
mission 0-th order Moiré signals. These Moiré signals
received by two photodiodes are then amplified and
filtered to reduce the noises presented in the amplifier
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Fig.4 Apparatus of precise alignment
outputs. The signals are converted into digital signals
by A/D converters. The converted signals are trans-
ferred to the computer.
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2.1 Photo-electrical detecting circuits

The photodiode receives the 0-th order Moiré sig-
nals diffracted by the gratings, and transforms them
into electrical signals that always are at pA-level. Be-
cause our control computer only works with 0 to 10 V
voltage signals, we have to pretreat input signals. Fig.
5 shows the pretreating circuits. Amplifier IC, acts as
the first stage current-voltage transforming circuit and
the converted voltage is

U, =1,R, (6)

where [, is the current from photodiode, and resistance
R, =20 kQ.
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Fig.5 Photo-electrical detecting circuits

Because the detected signals are so weak that
they are likely to introduce noise when being ampli-
fied, graded amplifiers and filters are considered to
avoid the flaw of the signals and noise being amplified
at the same time. T-form low-pass filter is also added
to the circuit to eliminate 50 Hz noise. We adopt a
three-grade amplifier, composed of sub-amplifiers
IC,, IC, and IC,. Its magnification is

— 292 11 l{RWZ (7)
87410 14
where Ry =10 kQ), R, =100 kQ, R, =1kQ, R, =
100 kQ, R, =10 k), RW, =100 kQ (adjustable pre-
cision resistance) .

Additionally, we apply a zero-drift compensation
circuit to eliminate dark-current from the photodiode
and zero-shift of amplifier.

2.2 Controller and mechanical drive system

We design two-grade positioning in our system:
preparatory positioning and precise positioning. First,
preparatory alignment is achieved via a preparatory
platform from which we get the alignment position
with an accuracy of + P/2 in horizontal and vertical.
And then, precise alignment is processed via control-
ling the precise platform. This strategy can shorten po-
sitioning time, and at the same time achieve precise a-
lignment. The preparatory platform can move freely a-
long a 3-dimensional (x,y, z) plane via precise screw
driver set; the mechanical drive system of the preci-

sion platform is composed of a stepping servomotor in
micro step mode and high precision Archimedes helix
cam, which can translate small rotational movement
into sub-micron level linear movement. The final a-
lignment error is mainly eliminated through a comput-
er-controlled closed loop so as to alienate the preci-
sion requirements of the mechanical drive system.

When proceeding to precise alignment, the indus-
try control computer will automatically manage the
precise platform and put it into the expected position
based on the Moiré€ signal and its orientation.

3 Experiment of Precision Alignment

Light source of the experiment is a He-Ne laser
with a power of 1.8 mW and a wavelength of 633
nm. The grating constant P = 100 pm. The distance
between two gratings is 1 mm. The minimum pulse
moving distance after 10* times subdivision is 0.2
pm. An industry control computer is used to automati-
cally send out enacted pulses to move the precise plat-
form into the expected position. And even if the sys-
tem gets out of the correct position by disturbance or
vibration, it will correct itself to the expected position.
The curve of alignment is shown in Fig. 6. The two
broken lines show the upper and lower predetermined
reference values. The reference values are within
+0.5 pm. The positioning accuracy is +0.5 pm in
our experiment.
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Fig.6 Accuracy of precise alignment

4 Conclusion

In this paper, we present a mathematical model
and the simulation results of diffracting two gratings
based on the model. Then we propose a novel tech-
nique of high precision alignment based on a modified
Moiré signal. This method can improve the sensitivity
of signal detection via only one pair grating, so the ap-
paratus is also simple. The experimental results show
that our alignment apparatus based on the modified
Moiré signal can effectively improve positioning accu-
racy, and achieve an accuracy of approximately
+0.5 pm.
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