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Abstract; Near edge X-ray absorption fine structure( NEXAFS) spectrum contains the local structure informa-
tion of the absorbing atoms. Due to its wide range of applications and high sensitivity, it has become an impor-
tant method to study the structure of materials. In order to study the NEXAFS spectrum of carbon in organic
substances, a design of a compact spectrometer under grazing incidence conditions is presented, based on a la-
ser-produced plasma source using a gas target. An aberration corrected flat-field grating and a CCD camera are
used to detect the spectrum. To achieve the high precision adjustment of the incident angle of the grating, an

optimized scheme where the incident angle is 88. 6° has been given. Using ray tracing, the resolution of the
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spectrometer is analyzed. It is about 666 at 4. 4 nm in the wavelength range of 2 =5 nm. From the influence of

each parameter error on the image width, it is found that the error of the incident angle is the most sensitive ,

and using the optimized assembly scheme is able to achieve the high accuracy adjustment of the incident an-

gle. The performance of the spectrometer has been tested using the nitrogen plasma spectrum, and the results

show that the resolution reaches the design index.

Key words: spectrometer;near edge X-ray absorption ; grazing incidence ; optimized assembly scheme ;resolu-

tion
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Introduction
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Near Edge X-ray Absorption Fine Structure
(NEXAFS) spectrum is produced due to transition
of the inner electrons of absorbing atoms to the outer
unoccupied molecular orbital by absorbing pho-
tons'"’ and reflects the interaction of absorbing atoms
with ambient atoms, so the information on the elec-
tron structure and adjacent geometric structure of ab-
sorbing atoms can be obtained through analyzing the
near edge structure. In comparison with the methods
such as electron energy loss spectroscopy ( EELS) ,
X-ray Raman Scattering ( XRS) , etc. *', the NEX-
AFS technology doesn’t result in radiation damage
easily and has no requirements for the physical state
of samples, so it has a wide range of application. At

first, this technology was only used to study small

molecules. With the development of theories and ex-
perimental technologies, it has now been extensively
applied in the study of various complex macromole-
cules, e. g. organic polymer materials®™*' | natural

[5-6]

organic substances in soils and atmosphere ™", and

b. 1 l . . [7]
even biomolecules 1n water environment N
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At present, most domestic and foreign NEXAFS
experiments are conducted on synchrotron radiation
lines, but the machine-hour of synchrotron radiation
facilities is very limited. Their construction and op-
eration cost is extremely high, and they are difficult
to meet the needs of plentiful NEXAFS scientific
studies in short term. Hence, the research on the
experimental equipment based small X-ray sources
has vital research significance and practical value.
In recent years, domestic and foreign researchers
have carried out a lot of relevant work based on a la-
ser plasma source. Osamu Yoda et al. *' designed a
set of absorption spectroscopy apparatus working at
100 — 3 000 eV using toroidal mirrors to collect X-
rays, using flat-field gratings and bent crystals to
carry out light splitting of low energy and high ener-
gy photons respectively and using a micro-channel
detector diode array system as a detector. Hidetoshi
Nakano et al. "’ used two concave mirrors to focus
X-rays onto samples, flat-field gratings to carry out
light splitting, and used micro-channel detectors and
CCD to receive information, with the resolution at
12 nm being(A/AX)250. U Vogt et al. """ erected
a set of experimental equipment in the water window
using transmission gratings and CCD; with the e-
quipment, they successfully obtained the near edge
absorption spectrum of B carotene, but the resolution
of the equipment was only 300 at 4. 4 nm and it was
not enough to differentiate all typical peaks of the
absorption spectrum of organic substances. After-
wards, they replaced transmission gratings with off-
axis reflection zone plates''" | the resolution of the
equipment was increased by 100% , and the ob-
tained near edge absorption spectrum of both polyim-
ide and poly ethylene terephthalate ( PET) film was
equivalent with the experimental result from synchro-
tron radiation. Christian Peth et al. "’ developed an
absorption spectrometer using an aberration-reduced
flat-field grating as the light splitter and back-illumi-

nated CCD as the detector. The resolution of the

spectrometer is 200 at 2. 87 nm; they studied the
NEXAFS spectrum''>""*) of high polymer materials
biological samples and soil extracts using the spec-
trometer.
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A transmissive light path is mainly used in the
study of the existing compact NEXAFS spectrome-
ters, but with this structure, only bulk phase infor-
mation can be obtained. In order to obtain high SNR
spectral lines, the tested sample is generally an un-
supported membrane structure, and its thickness
needs to be strictly controlled and tends to be 100 —
200 nm, so its preparation is difficult. Another graz-
ing incidence light path has no requirement for sam-
ple thickness. This is because only the very thin sur-
face molecular layer has an absorption. The reflected
lights is strong with high SNR, and the grazing inci-
dence light path is suitable for weak light sources.
In addition, it also has a very strong surface sensitiv-
ity and can be used in the study of surface molecule
variation. In recent years, there are more and more

4197 with special photoe-

studies of organic materials'
lectric properties. A design of a compact near edge
X-ray absorption spectrometer under grazing inci-
dence conditions to study the NEXAFS spectrum of
organic material carbon(1s) is presented, based on

a grazing incidence light path, using a small laser-
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produced plasma source. In addition, the resolution
of the spectrometer and the fitting allowance of com-

ponents have been analyzed.

2 X H&BME PG
Design of the X-ray absorption

spectrometer

B A A W ORS A2 #7280 ~ 320 eV Y fiE
VLN, W ERTE R 3.8 ~4. 4 nm, iy T B
FERRITELR , BEoRIEALAE 3 ~5 nm P B T AR, Bk
AINJZ T Ts BB ERIT 2 SMZ B R L 78
I 5 A W i Ve ) SR R TR 0.5 eV Oy
T REMER SRR Y 1s NEXAFS 35 BRI, 35078
4.4 nm AERY ST HERIAE 600 L F o A SO I B
KIgIFc

The corresponding wavelength range of the near
edge absorption fine structure of carbon is 3.8 —
4.4 nm within the energy range of 280 —320 eV. In
order to study the spectrum of carbon, the spectrom-
eter is required to work at 3 =5 nm. The typical en-
ergy width of the absorption peak caused by the tran-
sition of the inner electrons of carbon from 1s orbital
to the outer unoccupied molecular orbital is
0.5 eV,
tures of the NEXAFS spectrum of carbon(1s), the

resolution of the spectrometer shall be over 600 at

In order to accurately reflect the fea-

4.4 nm. In this paper, the spectrometer has been
designed based on above requirements.
2.1 EEMRT
Spectrometer structure design
ARSOR I B i X S R,
JGIUT AR DL Se it R a2, SRS R
— 2B TR RIN I T AR A TS R BK
TSR, T AR I TE , ' RE IR A A
KOG R EE , JOrG 48 , i nT LUSBE 5061 704
The near edge X-ray absorption spectrometer
has been designed using the spectrography in this
paper. The “white lights” generated by the light
source pass through the sample and then are split.

Later on, the intensity of lights with all wavelengths

before and after passing through the sample is meas-
ured with a 1D or 2D detector so as to obtain the ab-
sorption spectrum. With the spectrometer, the inten-
sity of lights with all wavelengths can be obtained
simultaneously without scanning, and a transient
spectrum analysis can also be made.

PO ST ST X G 2R S A 25 4
AN 1 PR, R G m AR BOE S B T O
TR FESL PesE DL CCD 4. YU LS SAE
AT, e IO AE B 2 ~ 6 nm [ IE SR
X GFER TS BIRE A 20, SURHE 26,
FRHT CCD W7 & PR SR 3R L 25 5 e IR 1%
LRI RIS T AT B B

The sketch of the structure of the designed near
edge X-ray absorption spectrometer under grazing in-
cidence conditions is shown in Fig. 1. The system
consists of gas laser plasma source, sample, slit,
grating and CCD ( camera). Krypton is used as the
target light source. 2 —6 nm continuous spectral soft
X-rays are generated through filtering and they are of
grazing incidence to the sample surface. The reflec-
ted lights are split by the grating, and then the in-
tensity of rays with various wavelengths is measured
using the CCD (camera). The reflectance spectrum
containing absorption information can be obtained

according to the spectral line of the light source.

Laser
Slit
\ CCD-Camera
=
‘ il
—]
Gas target Aperture+Filter ~ Sample Grating

BT A X RIS SO B
Fig.1  Sketch of the designed X-ray absorption spec-

trometer under grazing incidence conditions
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PSR R = 4mB/ A, TR I S B R R A
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I BIAFEE A p R IRA s MR X LR St
AR E 2 98 =0.001 WA R T S b 5B A G
AL, BB R R e ) SO Al i, o
TSR 55 , PRI IR Y S S AR A R AR 55, R
ST ERAT R s ARG B FR AT IR -
Fresnel formula gives the relationship between
reflectivity and refractive index. Due to existence of
absorption, the refractive index of substances to X-
ray is not a real number but a complex number relat-
n=1-68-1i8, where 1 - §

denotes dispersion and B denotes absorption. The

ed to absorption, 1i. e.

linear absorption coefficient can be directly obtained
from B, i. e. u=4mB/A. Therefore, reflectivity also
contains absorption information. Substitute complex
refractive index into Fresnel formula to obtain p-po-
larized X-ray reflectivity and s-polarized X-ray re-
flectivity under grazing incidence conditions respec-
tively. Fig. 2 is the curve of variation of reflectivity
with incidence angle at different absorption intensity
in case of § =0. 001. According to the comparison of
reflectivity of different polarized lights, in spite of
absorption intensity, the reflectivity of two polarized
lights is approximately equal, so the total reflectivity
can be expressed approximately in the reflectivity of

s — polarized light.

sin() — V/n? —cos’ (@) || _
sin(@) + +/n> = cos’ (@)
| ¢ — (¢2—w)—2wﬂ, ()
l o+ /(¢ -28) -2i81°?
St S 7T LU i A R (E) J
S(E)MB(E) k%L, E T aes, M A
(1) Z 3Kl e CXROM th i £ HYy 5(E) AT LA
IS4 S5 APk e P SR I NEXAFS §%
Where ¢ is grazing incidence angle. It can be seen
that reflectivity R(E) is the function of §(E) and 8
(E), where E is photon energy. NEXAFS spectrum

R=~R, =

can be extracted from the measured reflectivity spec-

tral line using formula (1) in combination with &

(E) obtained from the database CXRO'""".

M 2 ATRUE S5 5 B R B A /Y
FERMTIBN , HHAG 34 R BN A o, , R
W) J S5 SRR o X A A B 2 S I A
R TS S AT G RE T A B ke W 4 A A, 1 A
ARSI i 0 /N T4 i B 42 R i 5 A, 25 R 2
AHUVITEBR AN 4. 4 nm BT A9 42 5258 5
297 3, PRIAR SCBH AT AU 2458 A K o

As shown in Fig. 2, reflectivity always decrea-
ses as grazing incidence angle increases. When graz-
ing incidence angle increases to the critical angle
¢., the reflectivity at low absorption intensity de-
creases rapidly. This angle is a critical angle of total
reflection. In order that the reflectivity spectral line
can clearly reflect absorption variation, the grazing
incidence angle of the spectrometer would be less
than the sample’s critical angle of total reflection. In
view of the fact that the critical angle of total reflec-
tion of organic substances is about 3° near the car-
bons absorption edge of 4.4 nm, the grazing inci-
dence angle of the spectrometer designed in this pa-

per is taken as 2°.

(=3
(=3

.0001

Sooo

owx
DTD™DTH™ O

_CDO

=8

E
T

— s polarization
o p polarization

K2 FUMARBEEA S AR

Fig.2  Reflectivity as a function of grazing incidence

angle
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The light splitting element plays a decisive role
in the performance of the spectrometer. The resolu-
tion capability of an ordinary plane grating is poor
and cannot meet the high resolution requirements of
X-ray wavelengths. In case of adding focusing mir-
rors, the system’s efficiency of light energy utiliza-
tion will be reduced. The conventional concave e-
venly-spaced grating has functions such as light
splitting and focusing, but to minimize aberration,
Rowland circle structure must be adopted, and a
plane detector cannot be used in acquisition. There-
fore, the aberration-corrected holographic varied
line-space concave spherical grating is used in this
paper, which can achieve both light splitting and fo-
cusing and also has flat field characteristics, for con-

venience of using the area array type CCD to receive

information. The schematic diagram of the aberration
corrected flat-field grating is shown in Fig. 3, where
x axis is the central normal direction of the grating,
y axis is the central tangent direction of the grating,
« is incidence angle, B8 is diffraction angle, r is in-

cidence arm length, and r' is emergence arm length.

Grating Y

&3 2 AR o T AN e 2
Fig. 3 Schematic diagram of the aberration corrected

flat-field grating

L B 5 31 AT LA 30 506 M€ i i A
RO R R BT -

Based on Fermat principle™®', the obtained
grating’s dispersion equation and focusing equation

in dispersion direction are respectively as follows

dy(sina + sinB) = mA , (2)

rRcos’B

r

A, do G PO A 20 2R T8 5, PR O A FRER
98, R ORI A 3R, 0, MOt B E 2
0, WA (T DA 'l 3R £ Tt 00—
Il o
Where d,, is the scale line width of grating center,
also called nominal line width; R is the radius of
curvature of grating substrate ; b, is the linear density
parameter of grating. By selecting appropriate val-
ues, the focusing surface of the grating can be ap-
proximately a plane.

AL Shimadzu [ 30-001 56, 2 6
INREREETE ny 2 400 £/ mm, TAEP KIEM 1 ~
6 nm, ASPE K 237 mm, ASf 88.65°, K 4 4

- r[ cosa + cosB — 2b, (sina + sinB) | - Rcos’a’

(3)

HETIZOCHIEAS [R] SRS AR 0 IO 1 3R A T 2k, A AR AR
X3 2 e Ok B T ICR19 .
ATRAE G A 88, 65° I, SEAM O BRI
FEES Dy 0y 235 mm, AS[RLA S A 2R £5 il A
[, (ELR AT LABLA I B, PR I T AR 4 A5 2
AR S B

Shimadzu 30-001 grating is selected. The pa-
rameters of the grating are the following; nominal
linear density n, is 2 400 lines/mm; wavelength
range is 1 —6 nm; incidence arm length is 237 nm,
and incidence angle is 88. 65°. Fig. 4 shows the fo-
cusing curves at different incidence angles, where

the coordinate system definition is in line with that in
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Fig. 3, and grating parameters come from the refer-
ence [ 19]. As shown in Fig. 4, when the incidence
angle is 88.65°, the distance D, from the grating
center to the detection surface is 235 mm. Focusing
curves at different incidence angles are different, but
all of them can be fitted into straight lines, so the

structure parameters of the grating can be changed as

needed.
45
40 6 nm
35+t
£
g 30 3nm
=
25 2 nm
] B 88.6
15 . f
229 231 233 235 237 239

y/mm

P4 ARSI SR AR I 2, 2T ks SR Al
2, RO AR UG B, R F R AR

i3IS
Fig.4 Focusing curves and fitting straight lines at dif-
ferent incidence angles. The red lines represent
the focus curves, the black dashed lines are
straight fitting lines and the green lines are dif-

ferent wavelengths

2.3 EEFREML
Assembly scheme optimization

SRR 2E BE J5 58 2 CCD F- i 5 e
ORI TE L, WA S (a) 7R, X R J5 S8 4E
S PR F H A AEAR R IRME , — T 1o, AS A A
JEEESROK Ry, it B I 14 9 A AL A A
BB AR R ; 55 — 7 1D, CCD 56k
R VBOUMHEAS I, CCD b Z5URH B 14 4%
P IR MERE

The conventional grating assembly scheme is
that the CCD plane is vertical to the tangent plane of
the grating center, as shown in Fig. 5. Such scheme
is very difficult in an actual application. On one
hand, there are too high requirements for the inci-

dence angle precision, and it can be guaranteed with

the aid of a high precision adjusting mechanism and
measuring device. On the other hand, CCD is close-
ly linked with the grating. When the grating attitude
is adjusted, CCD must be adjusted accordingly,

thereby increasing the adjustment difficulty.

Grating

(a) WALISE T %6

(a) Conventional assemble scheme

Grating

\ B

(b) AL ML T %
(b) Optimized assemble scheme
KIS et p AR (8 FH 454
Fig.5  Structures of the grating (a) the conventional

scheme, (b)the optimized scheme

9 1T LAy TR ST RS A CCD, FATL
CCD 15 A SOy 10 2 ELAR Jy H bR X 2 1T
SR EATOLAL , WIEL S (b) Fro X ARG 2 1 7 58
&, CCD AR AN PR , DA it T LA Sl 2 2
PR Gy CCD R EME, fEH 25 o Hifs 255300
A, AR P BT R A A5 e A, A PT LA IR A4
MILRNEE . NS o B 88 6° b AT I8E3 T, I
AXQ2)MAKX) , UREMEMIG HE S A
SHOLLTr 12 B H bR, AR5 10 B A B A
BE r AEHE R 2] CCD #0 i BB D, 4%
DL 1o XARAE 2R HA MG 2 H s
R [ U ARG 1 AR A R R

In order that the grating and CCD can be adjus-
ted separately, the assembly structure has been opti-
mized by aiming at making the CCD plane be verti-
cal to the incident ray direction, as shown in Fig. 5
(b). In such scheme obtained, the dip angle of the
CCD doesnt rely on the grating any longer, so that
the CCD can be firstly installed and adjusted well
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and then the grating is adjusted. High installation
precision can be obtained by only turning the grating
in vacuum to make the image of the spectral line of
the specific wavelength be the narrowest. The inci-
dence angle « is taken as 88.6° in the design. U-
sing formulas (2) and (3) and aiming at making
the fitting straight line of the focusing curve vertical
to the incident ray direction, the corresponding opti-
mum incidence arm length r and distance D from the
grating center to the CCD detection surface have
been obtained. The result is shown in Tab. 1. Thus,
only the grating needs to be adjusted in vacuum dur-
ing installation, which also reduces the difficulty in

incidence angle adjustment.

x1 RUBNEERFRSH
Tab.1 Parameters of the optimized

installation scheme

o/ (°) r/mm
Value 88.6 270

D/mm 0/(°)
234.0 91.4

Parameters

3 a#E

Resolution

IIHERIEIE R AR A R bR . AT
TG ASC IR 73 PR R 2 A G BREE R TR S, DGl
AT SRR BRANS 25 \CCD AR OT R S, 5 Z I A &
(IR , BRAE 5 B2 MDCAE RE D E 1 (A K3
2R B, O RO B ) 1 35 S A R
S

Resolution is an important index of an optical
spectrum instrument. The resolution of the spectrom-
eter designed in this paper is affected mainly by mul-
tiple factors such as entrance slit width S, , grating’s
diffraction limit and aberration, CCD pixel size S,
etc. Slit width and grating performance decide the
FWHM of monochromatic wavelength spectral line,
and pixel size limits the limiting resolution of the

spectrometer.

HOGHET B A 5 JLAT 5 & al 13, Sl 480
[IERIESEN O
According to the grating equation coupled with
the geometrical relationship, the linear dispersion of
the grating on the detection surface can be obtained
as follows:
Lo b S
dd  dysin’(a + B - w/2) cosB
A C RIS Y 1 2 1 52 FWHM,, D
ERYECE1P3) NIV
If the FWHM of the spectral image at a wave-

length is known, the line width of this wavelength
can be obtained as follows

_dsin’(a + B = w/2)cosB - FWHM
- mD ’

AA

(5)
FFH G 26 78207 AT LA AR IBURY A I 1 T &
TEGRIN LG5, I TTTZR & 73 Bt A 4 v
JEFDEMIHERER MR o BREETEREBC T 100 wm, A
SR N 270 mm , A A1 88. 6°, ST 440 ik
BAE D =234 mm 4b, S ICERAE AT F N BELAE
JG, AT ABADLPEAG 4800 1w b ) S g gt
YL RETT 1) LA MR R N DR, 15 BDER 5t
oA 1L, XG0 o0 A AT R T L, SR A
G, RV FI 30 (5) T4 5E. 16 25 4.4 nm
NI 2P 2 SERUE G ADIRTIIE N s WEwIE:
DAL i b5 2, e 98 FWHM RIME A 5852
13.8 wm X2k 554 0.003 5 nm, & g AL
FIRIELMR B ASCL AR, X T8 5 (b)
R Lo
The spectral image of the spectral line at a spe-
cific wavelength on the detection surface can be ob-
tained using the ray tracing method ™ | thus com-
prehensively analyzing the influence of entrance slit
and grating performance. The spot diagram on the
detection surface can be obtained on the assumption
that the slit width is 100 pm, the incidence arm
length is 270 nm, the incidence angle is 88. 6°, the
spectral detection surface is placed at D =234 mm
and rays are generated randomly within the inci-

dence range. The statistical distribution chart of
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light intensity is obtained from the statistical analysis
of rays of each pixel in the width direction. The
FWHM is calculated through Gaussian fitting of the
light intensity distribution, and then the line width
can be calculated using formula (5). Fig. 6 shows

the spot diagram, histogram and Gauss fitting curve

obtained using ray tracing at 4. 4 nm. The FWHM 1.
e. image width is 13.8 pwm, and the corresponding
line width is 0. 003 5 nm. In the figure, the abscissa
denotes the distance from the spectral line image to
the incident ray, which is corresponding with the

length [ in Fig. 5(b).

10 5000
: ; i 4000
6 4000
3 2 3000
2 S.3000 <
g | z
= 172)
™ o 5 2000 & 2000
= | =
—6 1000} 1000
—10 L . . L . : A 0 | A 0 4 . .
40.61 40.62 40.63 40.64 40.65 40.6 4062  40.64 40.66 40.6 4062  40.64  40.66
x/mm x/mm x/mm
(a) Yeilk i &l (b) FE i (o) FHl A i 2

(a) Spectral spot diagram

(b) Statistical histogram

(c) Gauss fitting curve

K6 4.4 nm BRADELIBIBER

Fig. 6

SR OT R YR, e A 7 B
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Limited by the pixel size of the detector, the
resolution of the spectrometer cannot be determined
directly by the spectral line width in general. Ac-
cording to Nyquist sampling theorem, the sampling
frequency would be larger than twice of the signal
frequency in order to truly reflect signal features.
According to formula (4), the spectral line width
corresponding with a single pixel can be obtained,
and then the limiting resolution of the spectrometer is
Re,, = N2A)g,. The pixel width is 13 pm, and
the FWHM of 4. 4 nm is less than twice of the pixel

size, so the designed spectrometer can achieve the

The result of ray tracing at 4.4 nm (a) Spot diagram, (b)Histogram, (c¢)Gauss fitting curve

limiting resolution, its resolution is 666 at 4.4 nm,
and the corresponding line width is 0.006 6 nm.
The CCD with 1 024 pixels is used and the wave-
length range of the spectrometer is over 3 nm, which
meets the requirements of the design.

BT R R0, A GBS S i X
SYRMIGE I S BANZE 2 Fis

F2 BASHEG X HEREHEGEITSH
Tab.2 Design parameters of the Near-edge X-ray
absorption spectrometer under grazing

incidence conditions

Parameters Value
Wavelength range/nm 2~5
Resolution 666@4.4 nm
/(%) 2
Width of entrance slit S;/pm 100
ny/mm " 2 400
Incidence angle o/ (°) 88.6
Incidence distance r/mm 270
0/(°) 91.4
D/mm 234.0
Pixel size( W x H:pm®) 13.5x13.5
Active pixels 1024 x1 024
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According to the above analysis, the parameters
of the near-edge X-ray absorption spectrometer under
grazing incidence conditions designed in this paper

are shown in Tab. 2.
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Tolerance analysis and assembly

scheme design
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According to the previous analysis, in order to
achieve the limiting resolution of the spectrometer,
the FWHM of spectra line would be less than the
size of two pixels, i. e. 26 um. The FWHM depends
mainly on the relative position among the entrance
slit, grating and CCD. Fig. 7 shows the influence of
the error of each parameter on the FWHM at

4.4 nm. As shown in the figure, the influence of

Influence of the error of each parameter on the FWHM at 4.4 nm (a)r, (b)D, (¢)0, (d)«

the error 8r of the incidence arm length r on the
FWHM can be neglected, the error of D, 0 and « is
manifested mainly as the defocus aberration intro-
duced to the system, and the FWHM is the most
sensitive to the variation of the incidence angle a.
Comprehensively considering the role of each param-
eter in combination with the adjusting capacity of the

mechanical structure, the tolerance of r, D, 0 and «
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is determined to be 1 mm, 0.1 mm, x0.5°
and =0.04° respectively, and the FWHM of spec-
tral line at the limiting error is 24.8 pm, which
meets the requirements of the design.
NIEIHTEE R AEARSAC T T 7
D A1 @ R RIAE RIS A 6 R 5 5 0 A
BEFIOL AR H 28 PREE AP OM T v A B2 vl Sh e 15 i 2
B o, RSB TR R T B9 2. 878 7 nm 2k
82 v T dme /I, AT AT LA 2 A ST A ) o o 2
According to the tolerance analysis result, u-
sing the optimized scheme in this paper, r, D and
can be measured in atmospheric environment with a
conventional method and well adjusted. In addition,
« is changed continuously in vacuum environment u-
sing a high precision electric rotary table so as to
minimize the FWHM of the 2. 878 7 nm spectral line
emitted by nitrogen plasma, which can thus meet the

high precision requirements of incidence angle.

5 AHFMKL KK
Resolution test and wavelength cali-

bration
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Fig. 8 shows the well-erected compact near edge
X-ray absorption spectrometer under grazing inci-
dence conditions. The spectrometer works in 10 ~*
Pa vacuum environment. Along the light path direc-
tion( light source and each chamber marked in the
figure) , the three vacuum chambers are light source

chamber, sample chamber and grating chamber re-

spectively. Laser is focused onto the ejected gas
clumps to form plasma and generate X-ray radiation
output. After passing through the Ti membrane, rays
shine on the sample surface. The Ti membrane is
used to filter out-of-band lights. In order to achieve
a compact structure, the entrance slit is placed in
the sample chamber, and the CCD is connected with
the grating chamber via the corrugated pipe, for con-
venience of micro-adjusting the CCD position

through the adjusting mechanism.

K8 ik s plE

Fig.8 Picture of the spectrometer
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The resolution of the spectrometer has been
tested using nitrogen as the laser plasma source tar-
get. Fig. 9 shows the spectrogram obtained from the
test. It can be seen that the spectral lines of nitrogen
at 2 =5 nm are clearly visible and the two spectral
lines at 2. 478 nm and 2.49 nm can also be identi-
fied obviously. The curves Cl and C2 are obtained

from Gauss fitting of the two spectral peaks. The

1

HWHM of curve ClI is 1.9 that is less than two pix-
els, indicating that the erected spectrometer can a-
chieve the limiting resolution and the design index.
FASHIUAE" HATPRARE BN
(6) Fr7R -
Wavelength calibration is performed using the

parameter fitting method'"”’. The model is shown in

formula (6).

Dy + [%, + (1024 = N) + S,] - sin@

A= (sina —

(6)

my * n,

L, ESHE LSFE 5(b) ,N 2 CCD &K
AL, FIGXTREN 20 B E ng R MY
INFREBERE . 3R 3 45 M TR R AL BRI 1 52 BRI
KR E P, 45 2R W R AR iR 22/ T
0.001 nm, SR SR TAE PR KYER 2 ~5 nm,
Refer to Fig. 5(b) for the definition of each pa-

rameter in the above formula. N is the position of

)
VD% +2c0s0 - Dy + [y + (1024 = N) - S,] + (%) + N+ S,)°

CCD pixel, the upper edge is the position at N =0,
and n, denotes the nominal linear density of the grat-
ing. Tab. 3 shows the actual wavelength and calibra-
tion wavelength at pixel positions. The results show
that the wavelength calibration error is less than
0.001 nm and the actual wavelength range of the

spectrometer is 2 —5 nm.

R3 EKRELSR

Tab.3 Results of wavelength calibration

Pixel positions 1 631 782 821 841 1 024
Actural wavelength/nm 2.878 7 2.489 8 2.478 1 2.3774 2.3277
Calibration wavelength/nm 5.025 2.878 1 2.490 2 2.4775 2.378 2 2.328'1 2.008 3
Error/nm -0.0006  0.000 4 -0.0005 0.000 8 0.000 4

IS B G AR E B T LR Hh R Ge4%
SR SEBE, IS B B HME AT HL AL, 45 R A
4 PR, WA SR L BE S RO E A W)
B i 25 X N 22 S IR

The actual value of each parameter of the sys-

tem can be calculated through wavelength calibration

with the parameter fitting method. The actual value
is compared with the theoretical design value. The
result is shown in Tab. 4. As shown in the table, the
actual value of each parameter is basically consistent
with the design value, and all deviations meet the

tolerance distribution requirements.

x4 AFRFSHRITESKEREILER

Tab.4 Comparison of the design value with the actual value of optical system parameters

Parameters a/(°) 0/(°) Dy/mm X/ mm
Design value 88.6 234 23.74
Actual value 88.634 8 91.389 9 234.011 3 23.682 6




WRIRIEPH , 25 - /N AT 3G 1 XS M i A A B33 277

552 1
6 & #
Conclusion
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LATT 5 ASPE K 270 mm, S0 3] CCD 5
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In order to study the NEXAFS spectrum of the
organic material carbon(1s) , we design a near edge
X-ray absorption spectrometer under grazing inci-
dence conditions using a laser-produced plasma
source, an aberration corrected flat-field grating and

a planar CCD. The grazing incidence angle of the

S 3k

spectrometer is taken as 2°. In order to conveniently
adjust the relative position and attitude of optical el-
ements, the installation parameters have been opti-
mized aiming at making the detection surface vertical
to the incident ray direction. The optimized installa-
tion scheme where the incidence angle of the grating
is 88.6° has been obtained. The incidence arm
length is 270 mm, and the vertical distance from the
grating center to the CCD detection surface is 234. 0
mm. Using the ray tracing method, the spectrum of
the spectrometer has been simulated. When the slit
width is 100 wm, the resolution of the spectrometer
reaches 666 at 4. 4 nm, which can meet the require-
ments of research on the NEXAFS spectrum of car-
bon(1s). The influence of the error of each assem-
bly parameter on the resolution at 4. 4 nm has been
analyzed, and the tolerance of r, D, 0 and « has
been determined to be +1 mm, +0.1 mm, +0.5°
and *0.04°, respectively. Based on above para-
metors, the assembly scheme of the spectrometer has
been designed. Finally the performance of the spec-
trometer has been tested by measuring nitrogen plas-
ma spectrum. The results show that all performance
indexes of the spectrometer meet the design require-

ments.
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