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Fig. 1. The FWHM of X-ray beam spots varied with the

distances (F) from the measured spots to the exit of polyca-

pillary X-ray optics.
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Fig. 2. Diagram of changes in beam spot size of X-ray focus by the slightly-focusing polycapillary X-ray optics.
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Fig. 3. The schematic diagram of adaptive beam spot X-ray diffractometer with point source (Hawk-II).
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Fig. 5. The XRD patterns of Si (11 1), Si (4 0 0) and GaAs
(411) crystals.
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Table 1.  The comparison of measurement data of Si (11 1),
Si(400) and GaAs (41 1).
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GaAs(JCPDS 29-0615)  90.141 (51 1) 90.132
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Fig. 6. The RMB 5 Jiao coin and the detected point.
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Table 2.  Measurement conditions of two diffracto-

meters.
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Fig. 7. The XRD patterns of the RMB 5 Jiao coin meas-
ured by two kinds of diffractometers.
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Fig. 8. The comparison of XRD patterns of Qing Dynasty

red and green porcelain white glaze with different beam

spots.

3.2.2  AKFERE MGG A AT

TEH GaAs(1 0 0) HLab N ELE, KM 20 nm
JE) Cu Fl Fe 49K HERER L A 5 17 R 9 8%
HE T3 Ry 4 T 28 VR LS S IR ), 43l (6
224 680 F1 1300 pwm 11 FRET X 52 o 44 K i
FES AT AR 0, SR EE RN 9 FiR. SE6 4%
4k B 30 KV, HLI 30 mA, 2HE A 0.15°, 45
DUEFR] 1 s, 43HT & 9 AN, SR ELAR Y X 4R
BERTAS 4 AEAE ], 2 CuO(JCPDS 02-1041) Fil
Fe,O3(JCPDS 24-0072) (1 & AH, 33 PG i AH 2
W Cu Ml Fe 7228 S EALITE 1. AT 5 14
rh AR B AR B T RCR AR AL, M T AR
680 um A X BFZEREE, 75 AR 1300 pm () X 5
LIRBET Fe,Oy fib A 1 W AR I N T 38 2 4%, i
CuO fbAH g A I T 1.5 5424, XRHAR
[Fi] X 5 S B BeE FEE ST 31 R A (] — A ) 285 B AN [
IR E Ny e S i i 1RV N A = S
DAHEWTIZ AN KA LR Y Cu Al Fe 8518 010
ANFE) 0T,

3000 Fey03(104) — KHFF1300 pm
/NHRPBE680 pm
2500 |-
5 2000t )
E CuO(113)
g 1500
e
=
1000 f
500 |;
0 . . . :
20 30 40 50 60
20/(°)

9  GaAs NELJERMHE Cu Hl Fe 148 K 8 B AE A ] 1R
SFPRRBE T AT S LT L

Fig. 9. The comparison of XRD patterns of GaAs based Cu
and Fe plated film with different beam spots.
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Fig. 10. A piece of bronze produced in western Han Dyn-

asty and the detected points.
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Fig. 11. XRD patterns of corrosion area and section of
bronze surface of Western Han Dynasty.
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Abstract

In order to realize micron scale to millimeter scale phase structure analysis, as well as accurate phase
structure analysis of surface uneven samples, X-ray diffractometer named Hawk-II, which can adaptively adjust
the diameter of irradiated X-ray beam spot according to the diameter of internal tangential circle at the
measured point, is developed by combining X-ray diffraction technology, CCD camera imaging technology and
slightly-focusing ploycapillary X-ray control technology. The X-ray source system, six-dimensional linkage
motion system, CCD camera, detection system and control system based on LabVIEW are the main
components of the Hawk-II. Compared with the 3°-5° divergence of the conventional X-ray source, the
divergence of the X-ray emitted by the slightly-focusing polycapillary X-ray optics is only about 0.15° and also
the intensity within the beam spot range is dozens of times stronger. Therefore, the shift of peak position will
not appear due to the pores, curvature or uneven surface of the sample, when Hawk-II is used to analyze the
samples with irregular surface. The diffraction pattern of the uneven Ren Min Bi five-cent coin are collected in
the Hawk-II and PANalytical X-Pert Pro MPD conventional X-ray diffractometer respectively. By comparing
the analysis results, it is found that the diffraction peaks measured by the X-Pert Pro MPD are shifted
seriously, with a maximum deviation angle of 0.52°. While the diffraction peaks detected by the Hawk-II are
basically consistent with the data from the standard PDF card, which verifies the advantages of the analysis of
irregular samples by the Hawk-II. In order to explore the difference between different beam spots used for
analysis at the same point, red and green porcelain fired in Qing dynasty and GaAs-based Cu and Fe plated
films are analyzed by the Hawk-II. It is found that when the samples are relatively uniform, the intensities of
diffraction peaks of different beam spots are relatively close, while when the samples are not uniform, the
diffraction peaks vary greatly. Especially, some microcrystalline phases can be detected only with large beam
spots. In addition, to verify the adaptive functionality of the Hawk-II, a bronze from the Western Han Dynasty,
with different rust spots on it, is tested. It is found that the Hawk-II can adjust the beam spot size according to
the different corrosion points, making the irradiation area coincide with the area to be analysed and the phase
structure detected more accurately. Therefore, the Hawk-II is a general purpose X-ray diffractometer, which has
the analytical capability from micron scale to millimeter scale and the energy dispersive X-ray fluorescence
analysis function. Moreover, it has the advantages of the accurate analysis of irregular samples, fast detection
speed, simple operation, etc. Based on the above analysis, the Hawk-II will be widely used in different fields.

Keywords: X-ray diffractometer, polycapillary X-ray optics, adaptive X-ray spot, point source
PACS: 07.85.Jy, 41.50.4+h, 95.75.Qr, 07.85.Fv DOI: 10.7498 /aps.70.20201228
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