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Fig. 1. The schematic diagram of asymmetrically cut

crystal.
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%
Veeco
— m Surface data
Surface statisties: 1.81
B . 1.4 nm
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Rq: 0.40 nm
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R¢: 3.50 nm 0.50
Set-up parameter: -0
Size: 640 x 480 -—0.50
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Terms removed: Tilt S . e WY —2.0 nm
Filtering: None ——— - ——_—m
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2 Veeco 5 JFRAUHT AFM RS G I &5 5

Fig. 2. The surface and roughness results of Veeco and AFM.
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A
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——3
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K3 Xk X S AAT SR B A

Fig. 3. Schematic diagram of double crystal diffraction.
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Fig. 4.

ferent asymmetrical angles; (b) the measured value of

(a) The calculated rocking curve under dif-

rocking curve under different asymmetrical angles.
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st 7E T 25 AN IO B B 1) v 4 e B T L, — B
F1410.751° (B Ar N Asy-cut 10.751°), H—Hh
0.008° (5 A Sym-cut 0.008°), J& & A LAALAE TG &
THIm A FE G MR POR AR AR [F) L2564 T

o 4 08 A A — B, T AR T R A A 2L
10°, H& MmN T E . WK/ E ]
LA H, T B B B i ol R AT 55 1 26 B 2 A 1t
NI GEEIE 2007) . RT3 o 1 o1 4 R ) sk
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S N S e S
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a9 L
O 8000f
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= 4000
6 -
] Or
28.35 28.40 28.45 28.50 28.55
o 9000
% 3 Asy-cut grind
% 6000 F
= L
g o
'S 3000:
28.35 28.40 28.45 28.50 28.55
260/(°)
250
(b) —a— Asy-cut a =10.751°
200+ —e— Sym-cut « = 0.008°
9]
?
£ 1501
~
z
100
=
&
50 -
0 -

Roughlgrinding Fine glgrinding Rouglh polish Finelpolish
Surface state

5 (a) BIF B RN H O 2% 0 N AT 5 it 4% LG (10.751°
fis f1);  (b) & If I A1 2y 10.751° H1 0.008° (75 1 fi1) 1
Si(111) Hph 7ERE B« RGBS RIS KRS A DY AP A [ 15 5L T
TIF il 22 i 4 TR 1 AR AL

Fig. 5. (a) Diffraction curves under grinding and pol-
ishing with 10.751° asymmetrical angle; (b) the plots
of full width at half maximum with asymmetrical an-
gles of 10.751° and 0.008° under four different surface

states.

R AF AT AT Si(111) FTH LRI B Sl Bt 5 AR

Table 1. The measured data of Si (111) rocking curves with different asymmetrical angles.

*ﬁ:?”fﬁ)% B o/() HRATE 20/(") BUMIIE 8/() FRIET E‘iﬁﬁﬁ j%n“ii L/ %
1# 0.008 12.27 14.03 0.875 11.743 3.218 0
2# 0.374 11.34 12.43 0.912 11.592 3.176 1.31
34 0.749 10.94 12.07 0.813 11.076 3.035 5.68
44 1.187 10.51 11.38 0.924 10.943 2.999 6.81
S5# 5.306 9.23 10.98 0.841 8.253 2.261 29.7
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2 A[E SR A T S1(111) A7 b 2R 04 B B o S 5 AR
Table 2. The theory data of Si(111) rocking curves with different asymmetrical angles.

zﬁjﬁﬁf B o/() ERATE 20/(7) BUME B/(") TARET o “f;(/f ;/ﬂf)foi W /%
1# 0.008 7.62 8.61 0.885 7.434 2.037 0
24 0.374 7.49 8.39 0.892 7.392 2.025 0.58
34 0.749 7.31 8.21 0.890 7.199 1.973 3.28
44 1.187 7.02 7.91 0.887 6.878 1.885 7.46
5# 5.306 5.43 5.97 0.911 5.526 1.514 25.67
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FA IR B, TR 25 RE b T D 7 TR AR 00 T I o 5
THVERR ZAE 2.5% LA 2L i F Voigt 16 7 b 3
I3 BTV 5 B FH BT 6 28 1 2 i 4 o AR 4 TR T
T3 P T B 2 00T o TR £ B 0K, DRtk 51
RS IE N I B A 0 f R, e AR T 1O
I, THESE R R Z A 2 KT 5% DAL, B 1 ss
yn o T ARV R S L Bk m A TE Ml
R it A% AR R 22 B & T £ 1) 728 Ak B 34 a0 1 6 ()
B

TE HTTE BRS04, ks AR R E AT S A
(AR 5 5 A B A IE DT R B B, 6 B A 3R
e = Af - ctg(fp) fe = fa/4tglp, & HAMM
ZAb. TR, BT Voigt BRI H L S AR AR, AL
S T A A8 (0 IE X R L7 VB AR B Voigt B 51
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Fig. 6. (a) Plots of full width at half maximum vs.
calculated stain error with different asymmetry angles;
(b) comparison among theory data obtained by using
Voigt function, measured data, and calculated values

by asymmetry faction.
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Abstract

The Voigt function provides a rapid and easy method of explaining the breadths of diffraction profiles, and it
defines two main broadening types: the domain size and strain component. The latter is caused by lattice imperfection
(dislocation and different defects). Thus, diffraction can be used to measure crystal strain with very high precision and
accuracy. However, each of all the crystals used in the present study has asymmetrical angle o due to the processes
of cutting grinding and polishing. This deviation angle « is the angle between the considered lattice plane and crystal
surface. The crystal with asymmetrical angle also satisfies Bragg’s law but with different incident angle and reflected one.
In the following, we investigate the crystal strain as a function of asymmetrical angle to evaluate the lattice distortion
in detail. The single crystal silicon samples with different asymmetrical angles (in a range from 0.008° to 5.306°) are
prepared in this experiment. The lattice plane is (111). After grinding and polishing, the surface and subsurface damage
are almost wiped off to remove internal stress which comes from cracks and grain refinement. Only broadening from
lattice strain depends on the nature of imperfection, and the shape of crystallite can be left. It is convenient to acquire
the full width at half maximum (FWHM) and integral breadth of diffraction curve by high resolution X-ray diffraction
technique. Using the Voigt function method, diffraction line is characterized by all three parameters of the half-width
integral breadth and form factor. The crystal lattice strains are calculated by analyzing the experimental line profile
composed of Cauchy and Gaussian parts. Simulation of coherence diffraction of asymmetric crystal silicon is achieved by
ray tracing code SHADOW. Both the theoretical calculation and experimental results show that if asymmetrical angle
reaches 0.749°, the half-width and integral breadth of diffraction curve change obviously compared with the situation
where asymmetrical angle reaches 0.008°. This is why the calculation error of crystal strain will be beyond 5% by the
Voigt function method no matter whether we use theoretical value or experimental data. It is shown that the precise
crystal cut is extremely important for device application. And this conclusion will also be helpful in other crystal studies

by using X-ray diffraction parameters.

Keywords: asymmetrical angle, strain, diffraction curve
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