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Fig. 1. Structure of the desktop micro-X-ray diffractometer
(n-Hawk) focused by polycapillary optics.
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Fig. 2. Automatic control flow chart of p-Hawk.
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Fig. 3. Main interface of controlling program of p-Hawk and the X-ray diffraction pattern of Si (4 0 0).
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Fig. 4. X-ray scattering spectra with and without Ni filter.
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Fig. 5. (a) Gaussian fitting peak and (b) data scatter diagram of measured Si (4 0 0) diffraction peak when the receiving slit size is

0.1 mm, and the distances between the sample and the detector are varied; (c) gaussian fitting peak and (d) data scatter diagram of

measured Si (4 0 0) diffraction peak when the distance between the sample and the detector is 70 mm, receiving slit sizes are varied.
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1 MERTSORE A9 225 Bl 5 AN Rl B LB | Ad/ d)

Table 1.

Reference data for the determination of diffractometer accuracy and|Ad/d| at different angles.

Reference data

Measured data|Ad/d)

PDF 20/(°) d/nm (h k1)

Si0, (JCPDS 52-0784) 18.0510 0.4910 (003) 0.0111
Si (JCPDS 27-1402) 69.1300 0.1358 (400) 0.0003
CuO (JOPDS 48-1548) 113.4850 0.0921 (115) 0.2596
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Sn Hl Fe.
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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.
Ttem p-Hawk X-pert-pro-MPD
Anode material Cu Cu
XRD monochromator Ni filter Ni filter
Focal size/mm 0.115 x 0.115 1 x 10
HV/kV 30 40
Current/mA 0.5 40
20/(°) 10—120 10—90
Step size/(°) 0.1 0.03
Step time/s 11 20

104k

103 L
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102 ¢

101k

100

10 12 14 16 18
Energy/keV

Ko7 BETRAYRRIX X RS

Fig. 7. Micro-X-ray fluorescence spectrum of the coin.
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Fig. 8. Diffraction patterns measured by p-Hawk and X-
pert-pro-MPD diffractometer of the coin.
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Fig. 9. Copper wire with a diameter of 140 um and the de-
tected point.

3000

2
5
2500 | N
13
2000 | - 3
Z < s
z G =
§ 1500 | o a
= E
L O
1000
500
30 50 70 90 110
20/(%)

K10 AR 140 pm Bl Lk B9 X I LA 5T 5]
Fig. 10. Micro-X-ray diffraction pattern of copper wire with
a diameter of 140 pm.
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Fig. 11. Picture of one welding joint on the motherboard of an iPhone and the detected area.
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Fig. 12. Micro-X-ray fluorescence spectrum of the welding joint.
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G H s, 7E 2k DX N B FE I A AL T2 A AR
1T 60-0 FA R, th 4 ADSRAL Bk sh = ZERE L
)X, YR 0y, 0 Bhok S EE F R i AR
i3] 60 MITEHTE, FIH MATLAB 3444 H
H1 Sn0, (3 1 2) TG B 1 FREET T — 2 HEF,
P A BT R il o, AR 2 RA () A3 A I 5, A

Sn0O, (3 1 2) in the welding joint.

AN 14 iR,

Il 14 AT DU Y DA DX P B4 22 0 20 47
M, SnO, (3 1 2) 434 HA B iy A8 4k, LR
A RE S HBAVE A TS AR 22 55 A 5, R
A AN T2 0 B 5T AR AT 5L, P a3 Al
DX 38 9 it P LB AN [ 1 S B R 25 52

3 #R53

XA X SR AT SR N B T A A T Y
20 (1K 8) AT X HE, & BRI AT S SCAE AR [R] i
TN (10°—90°) BRAT AT A B —3, 1]
u-Hawk #8300 25 5 09 7] 5& . A F T X-pert-pro-
MPD, p-Hawk TEPRUEAT 58 gAY i [ s 4 1 4R
WEta], X A YR Z /MR 2, R EEIAT
S P AR AR IS AR, I A X AR 00 B R S B X e
Hawk 1) X $F£& B XA B AR R 115 pm, T X-
pert-pro-MPD PG} X34 1 mm x 10 mm, &£
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ALFE TR LXK LA IX 3k, BT DL X-pert-pro-
MPD #5045 5 I AN BE A S WA & B DX i A
AR S5 RE ;%o 4 JoT S £ AT S I (1T 10) A T 0T
SERW], p-Hawk A SR AR Y 6 41T 5 i
RBP4 JRARTE 30°—120°3 il N Y 32 24T S e 34 2 R
TEEI, SEELT X HAS 140 pm 81 5 SR P F 2544
A X SR T T A L KR Bl R A o3 A
B (E 14) HEAT AT, 45 3 W 38 X A7 7
SnO,, WIS il S A A by 2 8 Ry 3
G, 0T HL S A A I R AR A RO BT, X
S EL RS HL A7 o B L RCRT SR R Y, p k]
PIF h p-Hawk REGEFEAH OGN AE 736 3l h Ry 43
BryARG —4E o A SRR 5 18 R BOR T 2R ILAh, -
Hawk 1 JE 30 H i3 X B i AL X 2 73 A Y
ke, FIA X 2T o i XN WA A TR £
BICRMENSEFL.

e R, BAME XOGEE S /N Lalopkas
YRR X S ME B AR AR L, AR S HG AT S 0 i)
B, (HJE X SRR AR AL s B i 4 5, e
SIS FC A BRI )R], AR AR RIS ] P,
B XOLBE 5 Z G T ST BB R, 7] LU &
A0 S PRI A VA Ly SR APb, 3T S R A I %o 43 S i
A7 B AR A A Y. 78 XRD 20 A d (el
AR E BT AT R AL B, AT R AR
A B THLE T i S g, DT/ MIT S 067 5 1)
At P2 g5 G ke, P EL R X TR
SHYA I 2R (K 8) W LUE H, BAku-Hawk I
DA AT S e > 2 S 5, (ER AR A R 5 2
O SN S M ol =Y O € St S ) A £ N
FRHE R SEgR rh, AH B AT S A A 5 vE, 7 TG
P i A5 8 X 43 A A 20 SR B LA e k.

4 # #

AR E R G B AN B AR X 4
AT p-Hawk, ¥ X FHE&ATHHE AR S B@E
X WiB B RS S, 78 LabVIEW S B84 50
BRSO N A SR S BN X3
XRD 3 M1 7 28, u-Hawk 7T DL 7 /INEE 5 30RE
T DX AR S5 44 () 50 BT R A 43 A 1) — 448 5 Hr

HAT SR p-XRD e | BRPHRAEEE | 517
REABAIR FRIIE LR | B A BN, 7EA1 R
Bl BB A RSO PR AU A 32 1 I H
B, R 1B X SR AT T T R A L.
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Abstract

Micro-X-ray diffraction (u-XRD) plays a significant role in measuring the phase structures of small samples
or micro areas of larger samples. In this article, we propose a new type of desktop micro-X-ray diffractometer
named p-Hawk focused by polycapillary optics. It consists mainly of a microfocus X-ray tube, polycapillary
optics, receiving slits, a silicon drift diode (SDD) X-ray detector integrated with single/multi-channel pulse
analyzer, independently rotating 6-0 goniometer, high precision XYZ sample stage, computer programs
developed by LabVIEW codes, etc. The main interface of the program has micro-X-ray diffraction analysis
mode and micro energy dispersive X-ray fluorescence analysis mode. In addition, the monochromatization of X-
ray, the angular resolution and the accuracy of the results of p-Hawk are discussed. In order to demonstrate the
feasibility of the instrument, the phase of micro area in the middle of the first stroke on the Chinese character
“Jiao” from a 5-Jiao coin (Chinese currency) is measured by the p-Hawk, and the phase of a copper wire 140
pm in diameter is also detected by it. After that, the phase of 1.0 mm x 0.6 mm area on the welding joint of
the motherboard from an iPhone is two-dimensionally scanned by p-Hawk. The 6-0 scanning is performed at
each detected point inside the two-dimensional area. Four motors drive the X and Y axis of the sample stage as
well as the 6, and 0, axis of the goniometer to accomplish the above functions. The results show that the micro
energy dispersive X-ray fluorescence analysis mode of p-Hawk can provide elementary reference information for
the analysis of phase structure. Compared with conventional X-ray diffractometer, the p-Hawk can detect the
same diffraction peaks on the coin with lower background. Furthermore, the accurate diffraction peaks can be
measured with a lower power and shorter time. The measured results can better reflect the true phase structure
of the micro area. Six diffraction peaks and their phases can be clearly identified from the diffraction pattern of
the copper wire. For the welding joint, the phase mapping of SnO, (3 1 2) is acquired through data processing.
Therefore, the p-Hawk can adapt to the micro-X-ray diffraction analysis of small samples or micro areas of
samples as well as the two-dimensional scanning analysis of phase mapping. The p-Hawk exhibits the unique
advantages of accomplishing accurate micro-X-ray diffraction analysis, convenient software, low working power,
time saving, and small in size. It indicates a wide application prospect in the fields of materials, geosciences and

heritage protection.

Keywords: micro-X-ray diffractometer, polycapillary X-ray optics, micro-X-ray diffraction, micro energy

dispersive X-ray fluorescence
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