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Versatile and compact wide-range VUV spectrometer for quantitative

measurements

A.P. Shevelko

Abstract. Main parameters of a new scheme of a compact VUV
grazing incidence spectrometer based on a plane amplitude diffrac-
tion grating are considered. The spectrometer will allow simultane-
ous detection of spectra at the +1st order diffraction edge with a
sufficiently high (1/81 ~ 150) spectral resolution and in the —1st
order with a moderate resolution (1/84 ~ 15-30), but in a very
wide (5—200 nm) spectral range. The use of such a spectrometer is
promising for measuring the absolute radiation yield in these spec-
tral regions, which is necessary for the diagnostics and control of
plasma radiation sources, including those intended for projection
EUY nanolithography.

Keywords: VUV spectroscopy and radiometry, plasma diagnostics,
VUV spectrometers, EUV nanolithography.

1. Introduction

Recently, vacuum ultraviolet (VUV) and soft X-ray spectral
ranges have attracted special attention in connection with the
need to develop new radiation sources for various practical
applications (microscopy of biological objects in the ‘water
window’, nanolithography, etc.) and plasma diagnostics [1].
In many cases, quantitative (absolute) measurements of inten-
sities in spectra, both in individual spectral lines and in given
narrow and wide spectral intervals, acquire special signifi-
cance. These measurements are particularly important for
projection EUV (Extreme Ultra Violet) nanolithography —
one of the most promising technologies for mass production
of integrated circuits with element sizes less than 20 nm (see,
for example, reviews [2—6] and references therein). The most
important component of this technology is the use of intensive
sources of EUV radiation. Strict requirements imposed on
these sources include such main parameters as the total radiation
power and the conversion efficiency at working wavelengths
(49 = 13.5 and 6.6 nm). This requires measurements of the
absolute radiation yield not only at working wavelengths, but
also in a wide spectral range [2—4]. The latter are necessary
for determining the energy spectral composition (balance)
of radiation falling into the optical system of the lithograph.
In addition, control and diagnostics of radiation sources
require monitoring of the absolute spectrum in real time. All
this allows us to formulate general requirements to spectral
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devices for studying VUV radiation sources for nanolitho-
graphy: the possibility of performing absolute measurements
in a wide spectral range and with a low spectral resolution;
good spectral resolution in a narrow, working range; recording
of spectra in real time; and a compact size for integration into
technological or experimental facilities.

Carrying out absolute measurements is one of the topical
problems of VUV spectroscopy. In this range, all substances
possess large absorption coefficients varying sharply as func-
tions of the wavelength, which greatly affects the reflectivity
of diffraction gratings and mirrors, the sensitivity of detec-
tors, and other characteristics of devices. In addition, the cov-
erage of the entire VUV spectral range requires, as a rule,
several spectral instruments, while their calibration should
rely on the use of special VU reflectometers or synchrotron
radiation. This greatly complicates the calibration procedure.
The issue of using absolute radiation detectors is also a prior-
ity. The application of scintillation detectors, thermocouples,
pin-diodes requires the use of monochromators, but in this
case the monitoring of the entire spectrum is impossible. The
situation has significantly changed for the better with the
appearance of backside-illuminated CCD arrays and matri-
ces. They are real-time detectors, have known absolute sen-
sitivity in a wide VUV spectral range, high sensitivity, good
signal-to-noise ratio and wide dynamic range. However, when
using these detectors, some additional requirements to the
measurement procedure arise: it is necessary to fit the entire spec-
trum at the detector length (usually ~30 mm) and to project it
onto a flat sensitive CCD surface.

One of the ways to solve the problem of performing
absolute measurements in a wide spectral range is to use a
transmission grating spectrometer (TGS) (see, for example,
Refs [7—13] and monograph [14]). The grating efficiency is usu-
ally determined theoretically, and the use of an absolutely cali-
brated radiation detector allows, in principle, absolute mea-
surements. However, the employment of transmission grat-
ings has disadvantages. Thus, the width of the spectral range
is in contradiction with the spectral resolution. To expand the
spectral range at a required spectral resolution, several gratings
are necessary [11, 12]. Due to the complex composition of the
grating material and deviation from the ideal geometry of
the grooves (bars), there sometimes appear great difficulties
in calculating the grating transmission. This leads to the need
for additional calibration of TGSs with synchrotron radia-
tion sources, especially in the long-wavelength (4 > 100 nm)
spectral range [13].

To date, numerous schemes of spectrometers and their
modifications with reflection gratings have been developed
(see, e.g., review [15] and monographs [16—18]). In the VUV
region of the spectrum, the focusing schemes of the spectro-
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meters use mainly concave grazing incidence gratings. Such
schemes allow a high spectral resolution to be obtained; how-
ever, the possibilities of using them for solving the assigned
tasks are severely limited. Focusing spectrometers have, as a
rule, a curved focal surface (for example, the Rowland circle),
which makes it impossible to employ CCD detectors. Flat-
field spectrometers using gratings with a variable period of
the grooves are applicable in a limited spectral range. The
presence of higher orders of reflection and relatively large
dimensions also pertain to the disadvantages of focusing
spectrometers. In this connection, it is of interest to use
plane diffraction gratings in non-focusing schemes. As early
as the beginning of the last century, plane gratings were used
in X-ray spectrographs [19-21]. The registration of the spec-
trum formed by a plane grating in non-focusing schemes
allows the use of CCD detectors, and in addition, plane
gratings can be easily ruled with the required profile of the
grooves. For this reason, we propose a new solution in this
paper — the use of a plane amplitude grazing incidence grat-
ing for recording VUV spectra. As will be shown below, the
asymmetry of reflection in *1st diffraction orders allows
one to simultaneously record VUV radiation in a wide spec-
tral range and to have a sufficiently high spectral resolution
in a narrow range. The paper describes and discusses the
main parameters of the scheme of such a compact VUV
grazing incidence spectrometer based on a plane amplitude
grating (AGS). Since an AGS is an alternative to a TGS, a
brief description of the latter is given for comparing the
parameters of both spectrometers.

2. Transmission grating spectrometer

A transmission grating, or a slit grating [16], is a periodic
structure with absorbing grooves (bars), alternating with
transparent slits. In this case, the diffraction pattern is
observed in the transmitted light (Fig. 1a). The basic scheme
of a simplest TGS is shown in Fig. 2: the radiation under
investigation, passing through the entrance slit, is incident on
a plane diffraction grating, and the diffraction spectrum is
detected by a radiation detector. Usually, the entrance slit is
spatially combined with the grating.
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Figure 1. Schemes of (a) transmission and (b) reflection diffraction
gratings; «a is the width of the transmissive (reflecting) part, b is the
width of the absorbing (non-reflecting) part, d = (a + b) is the grating
period, ¢ is the angle of incidence, ¥ is the diffraction angle, the arrows
indicate incident radiation, gray areas show diffracted radiation.

A.P. Shevelko
Transmission Diffraction
grating XA orders
I H +1st
0 5 v H
O > > 0
< l B —lst

>l >

A 2 F 3

Figure 2. Scheme of a TGS: (/) radiation source; (2) entrance slit and
transmission grating; (3) radiation detector; 0 is the size of the source;
s 18 the width of the entrance slit; A4 is the distance from the source to the
input slit; F'is the distance from the grating to the registration plane.

An important condition for the use of a transmission
grating for calibration purposes is the equality of the ratio
of the widths of its transmissive (a) and absorbing () parts
to unity (Fig. 1a). In this case, radiation is completely sup-
pressed in even diffraction orders and the radiation intensity
in odd higher orders decreases substantially [7,16]. This
makes it possible to considerably simplify the theoretical cal-
culations of the grating transmission at different wave-
lengths, and the use of an absolutely calibrated detector
allows one, in principle, to carry out absolute measurements
in a wide spectral range.

Since the incidence angle of the radiation on the grating is
¢ =0, the grating equation is simplified:

dsiny = nl, 1)

where v is the diffraction angle; d is the grating period; and
n is the diffraction order. Here and below, for simplicity, we
will consider only the first orders of diffraction, n = £1. The
expression for the inverse linear dispersion D! is obtained by
differentiating equation (1):

Do di _ dcosy 2)

TdX - F

where F is the distance from the grating to the registration
plane. The inverse dispersion D! for small angles v at which
TGS operates is a constant and does not depend on v or A:

44 0

The spectral resolution 84 of the spectrometer is deter-
mined by the following parameters: the number of grating
grooves participating in diffraction, the width of the image of
the monochromatic line in the registration plane for point and
extended sources, and the width of the instrument function of
the detector used. Let us consider them in more detail.

The spectral resolving power is determined by the number
N of slits participating in the diffraction:

A _N=5
and the spectral resolution
A _ M
810 =1 =4 5)

The width of the source image in the monochromatic light
X in the registration plane is determined by the known expres-
sions for a one-dimensional pinhole camera, and the corre-
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sponding spectral resolution is 4 = D~LX. For a point source
(Fig. 3a)

X =s AL (6)

where A is the distance from the source to the entrance slit
(grating). The spectral resolution is expressed as

ASE .48 0

oA =

N

T

If A >> F, this expression is simplified:

oA = s% =sD7". ®)

For an extended source of size 6 (Fig. 3b)

_oF
x=6L, ©)
81, =d% = fp, (10)

where y, = /4 is the angular size of the source.

Transmission grating

Figure 3. Image in the monochromatic light in the TGS registration
plane of (a) point and (b) extended sources.

The spectral resolution, determined by the width of the
instrument function AX of the radiation detector, has the form

8ig=AXD ' = ax 4. (11

In the case of using CCD arrays or matrices, AX is usually
equal to the total width of two or three pixels.

The resulting spectral resolution can be determined by the
expression

84 = V(840)> + (34)> + (842)% + (8a) . (12)

For all the factors determining the spectral resolution,
d4 v d, and for its increase, it is necessary to decrease the
grating period. However, in this case, the inverse dispersion
also decreases, and hence a narrower portion of the spectrum
is detected by a detector with a fixed width of the sensitive
part. Therefore, it can be ascertained that in a TGS the width
of the detected spectral range is in contradiction with the
spectral resolution.

3. Amplitude reflection grating spectrometer

An amplitude reflection grating is a flat mirror surface with
non-reflective grooves [16] (see Fig. 1b). A grating of this type
is more durable than a transmission grating and is less time-
consuming: its production requires less than half of the tech-
nological process necessary for fabricating transmission grat-
ings [9].

The flat relief of the amplitude grating with a small rough-
ness of the reflecting surface made of a known material and
having a certain thickness of the reflective part of the groove
allows one to reliably calculate the reflection coefficient. In
addition, the installation of a grating in a grazing incidence
scheme makes it possible to simplify the theoretical calcula-
tions of the reflection coefficient and to increase it in the
short-wavelength range of the spectrum. As for the transmis-
sion grating, in order to completely suppress the reflection in
even diffraction orders, it is necessary to satisfy the relation
a:b=1:1 (see Fig. 1b).
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Figure 4. AGS scheme with amplitude reflection grating:
(/) radiation source; (2) entrance slit; ( 3) grating; (4) radiation detector;

fis the distance from the entrance slit to the center of the grating.

The scheme of the amplitude reflection grating spectro-
meter is shown in Fig. 4. Here the following numbering of
diffraction orders is used: +1Ist order when |y| > |¢]| and
—1Ist order when || < || [16]. We write the grating equa-
tion for the £1 orders in the form

siny —sing = ni/d. (13)
The inverse dispersion is
plodh _ dcosy (14)

Tdx T F
Since the AGS operates at large diffraction angles v, the
dependence of D! on cosy becomes significant (Fig. 5).

The spectral resolution 84 is determined by the same
parameters as for the TGS: the number N of grooves in the
grating at which diffraction occurs, the width of the source
image in the monochromatic light in the registration plane for
point and extended sources and the width of the instrument
function of the detector used.

The spectral resolving power, determined by the number
N of the grooves, is as follows:

A
840

N N

- dcosep’ (15

and the spectral resolution
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Figure 5. Dependences of the inverse dispersion D! on the diffraction
angle y for a TGS and an AGS. The dashed line conditionally separates
the regions of angles y.

Y dcos¢
The presence of the factor cos¢ in (16), which is small for the
grazing incidence scheme, makes it possible to significantly
improve the filling of the grating and increase the number N
of the grooves that ensure diffraction.

Consider the image size in the monochromatic light in the
registration plane in cases of point and extended sources.
Suppose that a beam with divergence y falls on the grating,
and a beam with divergence § is reflected (Fig. 6). In the
monochromatic light, the image size is

X=B(+F)=pr+pF, (17)
where r is the distance from the point of convergence of the
rays at an angle 3 to the centre of the grating. The value of Sr
is determined by the projection /; or /, of the width / of the
illuminated part of the grating in directions perpendicular to
the axes of the incident or reflected beams. These quantities
are determined by the divergence angle v of the radiation
incident on the grating. We have:

I = ll% = miy = fr, (18)
_ 4
= Cosg (19)

where m = cosy/cos¢ is the grating angle magnification.

Figure 6. Scheme of the formation of a monochromatic source image in
the registration plane for an AGS.

The relation between the angle 8 and the angle y is found
from the grating equation (13) when the angles ¢ £y/2 and
Y xB/2 are substituted into it. After simple transformations,
we obtain

.Y _ B cosy
sin 5 = sin 5 cosg (20)
or, due to the smallness of the angles y and 3,
cos
7 =B oo @1

Thus, the angles y and f are related with each other through
the grating angle magnification:

Y _cosy 1_2

5= cosp Iy’ (22)
Finally, from (17) we have

X =lLm+ %F. (23)

The divergence y for a point source is determined by the
angular width of the entrance slit, y; = s/4, and for an
extended source by its angular size y, = /4.

For a point source, y; = s/4, [, = s, and the expression for
X has the form:

CosYy | sF COS¢p

1=5Cosp T4 cosy” (24)
The spectral resolution
2
oA = sdCOSY , sd cos . (25)

~ F cosp A

It is easy to show that for all practical cases with 4 > F
the second term in (25) can be neglected. It becomes signi-
ficant only at diffraction angles ¥ close to 90°, when the first
term is close to zero because of the factor cos®y. However,
in this limit, the resulting resolution is determined by other
factors. For the first term we have

cos? _
o1, =34 COS(Z’ = sD"'m, (26)

that is, the resolution is determined by the width of the entrance
slit, inverse dispersion and grating angle magnification.

For an extended source with an angular size y, = 6/A4,
we have from (23)

6§ cosp _ Ff cosp
Acosy ~ A cosy’

_ o/ cosy
X, = 07 o8y (27)
since for f << F and not too small diffraction angles ¢ we
can take into account only the second term ( f'is the distance
from the entrance slit to the grating centre). Then, the spectral
resolution

0, = % cosp = y,dcose. (28)
The spectral resolution, determined by the instrument func-
tion AX of the radiation detector, has the from
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§dg = AXD ! = AX%cosw. (29)

The resulting spectral resolution, as in the case of a TGS, is
determined by expression (12). The results of calculating the
values of 84 for d =3 um, ¢ = 84.5°, 6 = 0.4 mm, s = 50 um,
A = 1000 mm, F = 60 mm, AX = 75 um are shown in Fig. 7.
Figure 8 shows the wavelength dependence of the resulting
spectral resolving power of the AGS.
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Figure 7. Dependences of the calculated values of 84 of the AGS usage,
determined by various factors (n = +1 and n = -1), on ni.
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Figure 8. Dependence of the AGS resulting spectral resolving power
on ni.

Let us compare the TGS and AGS parameters (Table 1).
In a TGS, use is made of an incidence angle ¢ = 0 and small
diffraction angles 1. The inverse dispersion is D' = dA/(dX) =
d/F ~ const and almost does not depend on the diffraction
angle 1 and the wavelength A (Fig. 5). The spectra in the +1st
and —l1st diffraction orders are absolutely symmetric. The
AGS uses small grazing angles (or large angles of incidence, ¢

Table 1. Spectral parameters of a TGS and an AGS.

Spectro- 0
meter D 84 Ly 04, 84
d Ad d 6 d
AGS deosy ,dcosp g4 costy  df d
7 A 5 F cosp 7 cos P AXFcoszp

~ 80°-90°) and large diffraction angles, up to ¢ ~ 90°. The
inverse dispersion D~ = dA/(dX) = dcosy/F strongly depends
on cosy and, consequently, on the wavelength A4 (Fig. 5). The
spectra in the +1st and —1st orders are strongly asymmetric.
In a TGS, the inverse dispersion D! and the spectral resolu-
tions 84, due to various factors, are independent of the angles
¢ and y (Table 1). In an AGS, due to the grazing angle
of incidence on the grating, the expressions for the inverse
dispersion D! and the spectral resolution 34 contain the
factors (cos¢, cosy << 1), which depend on the incidence
angles ¢ and the diffraction angle i (Table 1). This is an
advantage of an AGS, because it allows the spectral resolu-
tion to be significantly enhanced. Note that all the formulas for
the AGS in Table 1 at ¢ ~  ~ 0° (cos¢ ~ | and cosy ~ 1)
are transferred to formulas for the TGS.

Another interesting feature of the AGS is the behaviour
of the spectrum in the +1st order, in which the spectral range
is limited by the so-called cut-off wavelength A, corresponding
to the diffraction angle v = 90°:

Aco = d(1 —sing). (30)
Since the inverse dispersion D! depends strongly on 1, then
aty — 90° it tends to zero, which leads to a sharp increase in
the spectral resolution near the wavelength A.,. This feature
can be effectively used for diagnostic purposes.

Let us give a specific example of the choice of AGS param-
eters, intended for applications in nanolithography. In this
case, there arises the problem of recording a spectrum in the
region of the working wavelength 4, with a maximum possi-
ble spectral resolution and of a spectrum in a very wide region
up toA &~ 200 nm. Let there be a diffraction grating ruled with
a period of 3 um (333 lines mm™!). For a maximum spectral
resolution at the working wavelength 4o = 13.5 nm we choose
the cut-off wavelength 4., close to 4, for example, 4., = 13.8
nm. With this wavelength, we find the angle of incidence of
the radiation on the grating [expression (30)]: ¢ = 84.5°. The
spectral range A < 200 nm determines the minimum diffrac-
tion angle in the —1st order (¥,;, = 68°). We select a CCD
detector, for example, an Andor DO-420 camera with a pixel
size of 26x26 um and a length of the sensitive part of 26.6
mm. We assume that the width of the detector’s instrument
function is equal to the width of 3 pixels, or 78 um. To overlap
the range of diffraction angles 1 = 68—90° with this detector, F
~ 60 mm is needed, i.c., the spectrometer can be very com-
pact. We assume that the grating is located in the immediate
vicinity of the entrance slit ( /= 4 mm). With the help of the
formulas given above, we find the spectral resolution 84,
determined by various factors (Figs 7, 8) and the spectral
resolving power /84 for different values of s and 4 (Table 2).
It follows from Table 2 that at the wavelength A, = 13.5 nm

Table 2. The spectral resolving power (A/84) of an AGS for various widths
of the entrance slit s and distances 4 for wavelengths 1o = 13.5 nm (+1st
diffraction order) and 100 nm (—1st order). The source size is 6 = 0.4 mm.

A/mm
s/mm 500 1000 2000
13.5nm 100 nm 13.5nm 100 nm 13.5nm 100 nm

0 0 0 0 0 0 0

0.05 54 44 90 44 121 44
0.08 56 30 99 30 145 30
0.1 56 25 101 25 152 25
0.2 56 13 104 13 160 13




858

A.P. Shevelko

(+1st order), it is possible to achieve /64 ~ 150, which is
quite sufficient for recording the structure of the spectrum in
the region of the working wavelength. In this case, the spec-
tral resolution depends mainly on the angular size of the
source (see Fig. 7). At A = 100 nm, in the —1st order, the
spectral resolution A/8 is 20—-40, is determined by the width
of the input slit (the case of the so-called point source) and is
virtually independent of the angular size of the source
(Fig. 7).

The above estimates showed that the AGS with one diffrac-
tion grating can simultaneously solve two seemingly mutually
exclusive problems: to record the spectrum in a wide range
with a low spectral resolution and to record the spectrum in a
narrow range with a much higher resolution (Fig. 8). We will
show that the solution of these problems with the help of the
TGS requires the use of at least two gratings. To do this, we
will perform a numerical simulation of the spectra registered
by the AGS and TGS. We will assume that the initial spec-
trum consists of six spectral lines (Fig. 9a) in the wavelength
range 13.5-200 nm with the same intensity /; = 1 and width
d4; = 2;/200. For simplicity, in both spectrometers, the effi-
ciency of the gratings and CCD detectors is equal to unity. In
this case, the intensity 7 of the lines in the spectrum will be
determined by the devices’ instrument function: 7 = I;84;/84,
i.e. the better the spectral resolution 84, the higher the line
intensity. For an adequate comparison of the intensities
recorded by the spectrometers, we will use the same parameters:
s=0.05mm, 4 = 1000 mm, F = 60 mm, 6 = 0.4 mm, detector
length 26.6 mm. The intensity of the lines is shown in Fig. 9b
for two diffraction orders in the AGS with one 333 lines mm!
diffraction grating. We determine the parameters of the trans-
mission gratings so that the spectral resolution at 4, = 13.5 nm
and the recording range are the same as those for the AGS.
For the first condition, we require a grating with at least
12000 lines mm™', but the spectral range is bounded from above
by a wavelength of 37 nm (TGS1, Fig. 9c). For the spectrum

to be detected in the range up to 200 nm, a 2000 lines mm™"!

Z 10f z 10
Z o8} g 0%y
S 06f s 06r
< s L
> 04r > 0.4
é 0.2} § 0.2F
=R rere——— o= .
0 50 100 A/nm 0 50 100 —nA/nm
a c
g 1.0 py— py— g 1.0
g 0.8 § 081
S 06F ! S 0.6F
= i =
3 Z 02f
8 3
= P g o~
0 50 100 -ni/nm 0 50 100 —ni/n
b d

Figure 9. Results of numerical simulation of the spectra recorded by
the AGS and TGS: (a) the initial spectrum; (b) the spectrum recorded
by the AGS with a 333 lines mm™! grating in the +1st and —1st diffraction
orders; (c, d) spectra recorded by the TGS with 12000 and 2000 lines mm™!
gratings, respectively. The zero-order position is marked with a dotted
line.

grating (TGS2, Fig. 9d) is required; in this case, at 1o = 13.5 nm,
the spectral resolution is 4/64 = 13.5. The intensity ratio
(Imax/Imin) In the spectral range 13.5-200 nm in this case is
2.5 for the AGS and 7.3 for the TGS2. Thus, the AGS less
distorts the intensity ratio in the spectrum than the TGS2.

Let us consider some aspects of AGS applications. Due
to the flat relief of the amplitude grating, the reflection is
observed in a wide spectral range, but the main energy is con-
centrated in the zeroth order. This circumstance leads to a drop
in the light intensity of the device, and so its use is particularly
reasonable for intense radiation sources. As follows from
Table 2, the spectral resolving power in the +1st order strongly
depends on the angular size of the source. This leads to an
additional requirement, i.e. a small (8/4 < 1073 rad) angular
size of the source, which is easily fulfilled if the radiation
source is intended for nanolithography.

The AGS can have very small sizes (length ~100 mm with
the detector), which allows it to be installed both at a long dis-
tance from the source and (if necessary) inside a vacuum
chamber.

As mentioned above, to completely suppress the reflection
in even diffraction orders, it is necessary that the ratio of the
widths of the reflecting and non-reflecting parts of the grating
be 1:1. Even small deviations from this condition lead to the
appearance of even orders in the spectrum. In addition, there
are odd diffraction orders in the spectrum. Allowance for the
multiple overlap of higher diffraction orders can be carried
out using various mathematical methods (see, for example,
[22,23)).

The AGS parameters strongly depend on the angle of inci-
dence ¢ of radiation on the grating. To align the spectrometer,
an additional focusing unit is needed, the use of which makes
it possible not only to fine-adjust the angle ¢, but also to cen-
tre the path of the rays in a plane perpendicular to the disper-
sion direction. This allows one to minimise the influence of
the possible curvature of the spectral lines on the spectral
resolution.

A particular disadvantage of the AGS scheme is the loca-
tion of the diffraction grating directly behind the entrance slit,
which can lead to contamination of the grating by the plasma
source products. To protect the spectrometer, one can use
mechanical and electromagnetic shutters, magnetic shielding,
buffer gas, etc. Such methods are being successfully devel-
oped also in nanolithography to protect collimators [2].

The luminosity of the instrument and its absolute cali-
bration are separate questions. Absolute measurements
require absolutely calibrated radiation detectors, and for the
known device geometry it is necessary to know the efficiency
of the grating reflection. The efficiency of the grating is usually
calculated theoretically, and carrying out this calculation in
principle is possible both for the transmission grating and for
the reflection grating. Thus, for the TGS in the short-wave-
length range of the spectrum, the grating efficiency is practi-
cally independent of the wavelength. Difficulties in calcula-
tions arise on the long-wavelength part of the spectrum with
A 2 100 nm due to a deviation from the ideal geometry of the
grooves, and also because of uncertainty in the values of the
optical constants. We hope that the flat relief of the amplitude
grating with a small roughness made of a material with
known optical constants and thickness of the reflecting part
of the grooves will make it possible to reliably calculate the
reflection coefficient. In addition, its installation in a grazing
incidence scheme can simplify the theoretical calculations of
the reflection coefficient of the grating and increase it in the
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short-wavelength range of the spectrum. Unfortunately, the
calculation of the grating efficiency in the entire spectral
range is a difficult task, which is beyond the scope of this
paper and requires separate consideration.

In conclusion, we note once again the main properties of
the new scheme of a compact VUV grazing incidence spec-
trometer based on a plane amplitude grating. Such a spectro-
meter is effective in the study of intense radiation sources with
a small angular aperture. The spectrometer allows simultaneous
detection of spectra at the +1st order edge of diffraction with
a sufficiently high spectral resolution A/84 ~ 100-150), and
in the —1st order with a moderate resolution (4/64 ~ 15-30),
but in a very wide spectral range (5—200 nm). The reflection
coefficient of the amplitude grating calculated in advance and
the use of an absolutely calibrated CCD detector will allow
absolute (quantitative) measurements of the intensities in these
spectral ranges.
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