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Transform spectrometer based on measuring periodicity of Talbot

self-images
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We demonstrate a speetrometer based on measuring the periodicity of Talbot self-images. The
system contains a tilted absorption grating imaged onto a CCD camera and has no moving patts.

There is a need for compact, incxpensive, nanometer -
resolution  spectrometers.  Such  spectroineters  are
ideally suited for hand-held spectral imaging and
sensing  systems. With previous  knowledge of the
spectral - signature of chemicals  or objects  such
spectrometers can be used o sense, inonitor, and
process the spectral content  of  images. MEMS
technology has  cnabled many types of  small
spectroencters, including Fabry-Porat interleroneters,’
grating-bascd  spectrometers,”  Michelson  Foarici-
transforn1  spectromeicees,”  and  sianding  wave
spoctrometers.” Here we  demonstrate a novel
spectrometer based on measuring the periodicity of
Talbot self-images. ‘The speclrometer has no moving
paris yet appears to have the sume fundamental
throughput and mulliplexing  advantages as  other
transform spectrometers.

The specirometer is bascd on the Talboi cffeet first
observed by H.¥. Talbot in 1836°. When a periodic
object such as a grating is ifluninated with spatially
coherent light, a series of self-imagoes of the grating are
produced behind it duc to Fresnel diffraction. Seli-
images appear at distances 2nA%A, where n is an
integrer, A 1s the grating period and A is the wavelength
of light. Interlcaved with the sclf-images arc their
opposites: light and dark regions of the light field
pattern  are  reversed, appearing  at  distances  of
(2t DAY, Because the spacing of Talbot self-images
is proportional to optical {requency, illumination by
multiple frequencics at the samne time leads 1o beat
patterins in the intensity of the image— which can be
transtormed to decode the spectral information.

To incasurc the periodicity of Talbot images without
moving the detector through image planes, a grating
was rotated about an axis perpendicular to the prating
liues, as shown in Uigure |, The edge of the grating
closest to the CCD defines the object planc that is
anaged onto the CCD through a lens. T the distance
fromn the prating to the object plane is a Talbot multiple,
ic. if = = 2nA%, then there is a true image on the
CCD. If the distance is a Talbot reverse timage multiple
i.c., z = (2nt+1)AYA, then a reversed fnwge appears on
the CCD. By feeding the output of the CCD into an
oscilloscope and taking the Fourier translonn of one
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row of the CCD avray the periodicity of the Tulbot
plancs can be measured, thus determining the spectrum,

In the optical set-up shown in Figure 1, green (543nim)
and red (633um) HeNe fasers are co-lincarly combined
with a4 beam splitter. An absorption grating, rotated at
an angle of 6-57° is used to genciate the Talbot selft
images. A 40mm focal length lens is used to image the
closest edge of the grating onto a CCD camera of width
0.550im and height 4.87unn. The grating is magnified
~4.6 times.  The tull-width-half-inaxitnum (FWIHIM) of
the red laser spot was 2.0 mm with 4 power ot 3451W.
The green laser had a TWHIM of L5 mm and _a power
of 312 W, The prating is rotationally aligned so that
its horizontal lincs are parallel 1o the horizontal line
scan of the CCD camera.  ‘The CCD camers has a
neutral deusity filter in front of it that atienuates 99.1 %
of the light.
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Figare 1-Optical set-up. The two HeNe laser beams are
combined with a beam splitter aud are made co-lincar
with cach otlier. The light then passes through a tilted
grating and is imaged with a 40 nun focal length lens
onto a4 CCL) camera.

The only noo-standard  component used in  this
cxperiment  was  the absorption  grating. 1t was
fubricated by evaporating (000 A of alamimun onio
47 diameter quartz water.  The wafer was then
patterned with alicrnating lines and spaces of cqual
width A/2 where A5 pun. The aluminum was then
ctehed away, leaving the grating paticrn. The total arca
of the grating was 6mm by oo,

To demonstrate this systetn as a spectrometer, the
intensity profile was read horizontally across 512 pixcls
of the CCD and Vourier transformed.  The



matransfored intensity tor both red and green light
simultaneonsly is shown in Figure 2(a). The Fourier
Transform (F L) of the red data, the green data and the
data when both lasers are on is shown in Figure 2{b).
For the cise when both lasers are on, the Il plat shows
two clearly resolved peaks that correlate well with the
peaks from only the red or green laser. This
dewonsirates the utility of this set-up for speciromeity.
Using the wavelength for red light (633nm) for
calibration, the green (543nm) peak is expected to have
a Talbot period of 92.1 pun. Fnsiead a Talbot period of
93.2 pm was measured, limiiing the accuracy of the
cutrent set-up to 6.5mn.  We believe this ervor in
accuracy is associated with a rotational misalignment
between the grating lines and the CCD camera’s pixels.
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Figure 2-(s) The output of one row of the CCD camera
with both the red and green fusers shining into the
spectrometer simultancously. (b) The Fourier wansform
of the red, green and both lasers. The frequency axis
was converted to the conresponding wavelength.

The method of determining resolution for this
spectrometer is similar to that for any other transforn
spectrometer. The conservative criterion for minimum

resolution 1s havimg one mote period at A, thaw at A
The namber of planes seen by the CCD depends on the
tilt of the grating (8), the wavelengih of light (A), the
period of the grating (A). the magnitication (M) of the
lens, beam size (W) and the size of the CCD (1)
according to the following equation:

i of Tatbot planes = AL Smf) (1)
2MAN°
The above cquation is valid if Ualbot self<imapes exist
from the object plane to the grating for region that is
imaged oato the CCD. This criterion s
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Tror our given grating, magnification, and rotation the
best iesolution is 42 nm. The resolution of this
specirometer incroases quadratically with  decrcasing
grating pitcl;; thus by osing a smaller prating the
resolution will iinprove,

T conclusion, we have demonsteated a trapsform
specirometer based on measuring the location of T'albot
gelf-imuge planes. The spectromeier’s spectial range is
dependent only on the CCLD camera’s respotise curve.
This spectrometer accuracy is Himited by the rotational
aligniment and the resolution is presently limited by owe
grating size. Tuture hroprovements include integration
of the grating, leas and CCD and a smaller grating pitch
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