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Suppression of higher-order harmonics by different
material filters in 13~43 nm
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Abstract: The Spherical Grating Monochromator (SGM) branch of Spectral Radiation Standard and
Metrology (U27) beamline is specially built for measurement of the properties of optical elements and
detectors. In order to accurately measure the performance of optical elements, higher-order harmonics
must be suppressed efficiently. For the existing beamline where the design cannot readily be altered,

the simplest method is to use transmission filters to suppress higher-order harmonics. With a 840 1/
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mm transmission grating used behind the exit of SGM in U27 beamline, the exit beam can be dispers-
ed and the contributions of the different orders can be analyzed. Results of higher-order suppression
by 200 nm, 400 nm, 600 nm thickness Al filters, 100/50/200 nm, 100/50/150/150/250 nm thickness
Si; N, /Mo/Si, Si;N,/Mo/Si/Mo/Si multilayers and Al/Mg/Al filter in the region of 13~43 nm show
that when the thickness of Al filter is 400 nm, and the wavelength is between 17 nm and 33 nm , the
contributions of higher orders to the detector signal intensity are less than 2% , and the detector in-
tensity is strong enough when the beam on. After being corrected by quantum efficiency of the detec-
tor, higher order contributions are less than 0. 6%. Si;N,/Mo/Si/Mo/Si filter can be efficiently used
to suppress higher-order harmonics in the region of 13~19 nm , and Al/Mg/Al filter can be used to

suppress higher-order harmonics in the region of 30~43 nm efficiently, These are important for the

accurate calibration of absolute reflectivities of multilayer and detector etc.
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1 Introduction

With the fast development of space science,
Extreme Ultraviolet (EUV) lithography and mi-
cro-fabrication rapidly, there is a huge demand
on pure EUV and soft X ray spectra (XUV).
Synchrotron radiation (SR) has been proved to
be an invaluable research tool especially in the
region of XUV. However, the presence of high-
er order harmonics in the monochromated syn-
chrotron beams is a universal problem. Several
approaches have been used to suppress higher
order harmonics, such as differentially pumped
rare gas absorption filtering developed by Suits
et al''’, eight pairs of total-reflection mirrors de-
veloped by Waki et alt?.

where the design cannot be readily altered, the

For existing beamlines

use of transmission filters is the simplest way to
suppress higher order harmonics.

Transmission filters, which consist of a thin
layer of metal or other materials, are commonly
used in the extreme ultraviolet and soft X ray
wavelength regions to transmit a desired band-
pass and to attenuate out-of-band radiation™.
These filters can also be used to reduce higher-
order harmonics. Quinn'" studied higher order
suppression in diffraction grating monochroma-
tor using thin films. Seely™ researched on
measurement of extreme-ultraviolet attenuation
edges of magnesium, tin, and indium filters.

In order to determine the contribution of
higher-order harmonics with a small enough un-
certainty, a 840 1/mm transmission grating

(TG) (made in house) is utilized behind the exit

of spherical grating monochromator (SGM) in
U27 beamline, so that the exit monochromated
beams can be dispersed and the contribution of
higher order harmonics can be quantitatively an-
alysed. This method allows the fraction of high-
er order harmonics to be determined at every de-
sirable wavelength'®™. Quantitatives results of
higher-order harmonics suppression by different
thickness Al filters, Si;N,/Mo/Si, Si;N,/Mo/
Si/Mo/Si multilayers and Al/Mg/Al filter in the
region of 13~43 nm are presented in this arti-

cle.

2 Experiment of approach

U27 is dedicated to synchrotron metrology
in NSRL. SGM is one branch of U27 dedicated
to the property measurement of optical elements
and the calibration of detectors. It consists of
front toroidal mirror (TM,), entrance slit (S,),
spherical grating monochromator (SGM), exit
slit (S,) and back toroidal mirrort® (TM,), as

shown in Fig. 1.

™,

™,
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Fig.1 Schematic diagram of SGM branch optical system

The filter is in front of the reflectometer,
and the detector and TG are inside the reflecto-

meter. The detector can rotate about TG.
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TG is utilized to disperse the mono exit
beam. In front of the detector there is a horizon-
tal aperture of 0. 5 mm in width. The detector
can rotate and record the zero, first, second,
and higher order signal intensities, as shown in

Fig. 2. The mono SR irradiates perpendicularly

Fig. 2 Geometric structure of filter, TG and detector

on TG. The detector rotates along the arrow. g
is a diffraction angle. The grating formula is as
follows:
d sin f=mA

where d is the grating period, m is the diffrac-
tion order, and A is the wavelength. If A, is the
base wavelength, A =2,/n is higher order har-
monics at the base wavelength. n=2, 3, 4...
d=1/840=1. 2 um, A, is in the region of
13~43 nm.

The diffraction angle at base wavelength g,
and higher order harmonics 8 can be calculated
using the formula above. The higher order har-
monics diffraction peaks can be established by
comparing the calculated diffraction angles. The
intensity contribution of higher order harmonics
can be quantitatively determined by curve area
integral. The contribution of the higher order
harmonics in 13~43 nm can be determined after
the detector signal is corrected by the quantum

efficiency.

3 Experimented results

The VUV in the region of 13~ 33 nm is

widely used for measurement of optical element
properties. The purity of spectrum is the key
role to an accurate measurement. The efficien-
cies of higher order harmonics suppression vary
with different thickness Al, Si;N,/Mo/Si fil-
ters, and filters of different materials cover dif-

ferent spectral regions because of their absorp-

tion edges.
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Fig. 3 Intensity curves of detector with Si; N, /Mo/Si

filter at wavelength of 13,15,17 nm

Si; N, /Mo/Si and Si;N,/Mo/Si/Mo/Si fil-
ters are researched in the wavelength region of
13~19 nm for higher-order harmonics suppres-
sion. Fig. 3 shows the detector recorded diffrac-
tion intensity curves of TG while the exit beam
of SGM 1is transmitting through Si;N,/Mo/Si
filter at wavelength of 13, 15, 17 nm. Fig. 3(b)
is the amplified shadow area of (a) on the top.
The first diffraction angle is enhanced with the
basic wavelength increasing. Fig.4 shows the
intensity with filter Si; N, /Mo/Si/Mo/Si. It can
be seen by comparing Fig. 3 and Fig. 4 that high-
er order diffraction peak still can be seen at an

angle of 0. 38° at a wavelength of 17 nm with
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Si; N, /Mo/Si filter. Tab. 1 shows the percentage
of higher orders to the first orders with a wave-
length in the range of 13~19 nm and Si; N, /Mo/
Si, Si;N,/Mo/Si/Mo/Si filers.
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Fig. 4 Intensity curves of detector with Si;N,/Mo/
Si/Mo/Si filter at wavelength of 13, 15,

17 nm.

Tab.1 Percentage of higher order over first

order after QE modification

Si; N, /Mo/Si Si; N, /Mo/Si/Mo/S

intensity QE intensity QE
s higher modified higher modified
(nm)
order (%) %) order (%) 90
13 0 0 0 0
14 0 0 0 0
15 0 0 0 0
16 1. 47 0.53 0 0
17 2.27 1.02 0 0
18 6. 60 2.00 0 0
19 14.5 4.1 0 0

Al filter is suitable for wavelength of 17 ~
34 nm. For comparison, the experiment was
done without filter or with 200, 400, 600 nm
thickness Al filters. Fig.5 shows intensity
curves without filter, Fig.6, Fig.7 and Fig. 8
show intensity curves with 200, 400, 600 nm
thick Al filter respectively. As the filter thick-
ness increases, the percentage of higher-order

decreases.
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Fig. 5 Intensity curves of detector scanning at wave-

lengths of 25, 29 and 33 nm without filter
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Fig. 6 Intensity curves of detector scanning at wave-

lengths of 25, 29 and 33 nm and with 200 nm

Al filter.
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(b) Amplified shadow area of (a) at wavelength of

33 nm

Fig. 7 Intensity curve of detector scanning with 400

nm Al filter
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Fig. 8 Intensity curves of detector scanning at wave-

lengths of 25, 29 and 33 nm with 600 nm Al

filter

Tab. 2 gives the percentages of higher-order
over first order at basic wavelength, without fil-
ter or with different thickness Al filters. Ac-
cording to the data shown in Tab. 2, it is pre-
ferred to choose 400 nm thick Al filter to sup-
press higher orders in the region of 17~33 nm.
The purity of spectra is better than 99% when

the detector intensity is strong enough.

Tab. 2 Percentage of higher-order over first order at basic
wavelength without and with 200, 400, 600 nm

thickness Al filters after QE modification

A No Al Al Al
nm filter 200 nm 400 nm 600 nm
17 22.6% 6.3% 0 0
19 26.5% 0.9% 0 0
21 24.8% 1.8% 0 0
23 46. 9% 3.0% 0 0
25 67.8% 5.7% 0 0
27 71.6% 7.0% 0 0
29 72.1% 6.7% 0 0
31 73.6% 15.4% 0 0
33 72.2% 26.6% 0.6% 0.6%

Al/Mg/Al filter is chosen to reduce the
higher-order harmonics in the region of 30 ~43
nm depending on the energy of the absorption
edge. Since Mg is an active metal, so Al is cov-

ered on its both sides to prevent oxidation. The

Al/Mg/Al filter was purchased from Luxel Cor-
poration (USA) and its layers thickness are 15,
150, 15 nm respectively. Fig. 9 shows TG dif-
fraction intensity curves with Al/Mg/Al filter at
a wavelength in the region of 30~50 nm. Fig. 10
shows higher-order harmonics with Al/Mg/Al
filter used to suppress high-order harmonics.
When the wavelength is shorter than 44 nm, the

higher-order intensity is less than 19%.
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Fig. 9 TG diffraction intensity curves with Al/Mg/

Al filter at a wavelength in the range of 30~

50 nm
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Fig. 10 Higher-order content with Al/Mg/Al filter

4 Conclusion

Si; N, /Mo/Si/Mo/Si filter can be chosen to
suppress the higher-orders in the region of 13~
19 nm and the purity of spectra is better than

99%. When the wavelength is between 17 ~ 33
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nm, 400 nm Al filter can be chosen to suppress

higher-orders and the purity of spectra is better 5 Acknowledgement
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