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Abstract

X-ray diffraction (XRD) analysis is a fundamental means of characterizing the

structure of materials and is indispensable in the research of disciplines such as materials sci-

ence, physics, and chemistry. Compared with polycrystals, single crystals have more impor-

tant research and application value in frontier fields such as semiconductors, nonlinear optics,

superconductivity, and topological insulators. However, at present, most universities and re-

search institutions are equipped with general-purpose X-ray diffractometers, and the testing

steps for single crystal samples are relatively complex. This paper uses a Bruker D8 Advance

diffractometer to conduct X-ray diffraction experiments on Si(001) single crystals and elabo-

rates on the experimental steps and results, providing a reference for teaching and research

work involving X-ray diffraction experiments.

Key words X-ray diffraction; single-crystal; rocking curve

BT A R AR AT G O AR XS R AT A S 86 )
FHF 53 490 400 Tt A 45 ) 0 2 0 0 A 2
SRR W T X AT AR R A R AL R
1 X RE S TE R AR T R T L A
R (B L ROR 5 TR A A O

Wi B 2022-12-05
BEIE1EE . 7%, sunying@buaa. edu. cn.,

B0 PR O TR DA K 43 e A R R B T 2 A
T XL AT S, UL B e LB 05
.

R A [ B 437 5 % R, AR XS e AT 58 O 1k
Gy h AT R 2 SR AT ST L A R A

SIS T INVE RF R A B X AT A0 i B A S A SR ik )], WS TR L 2025,35(6) :133-137.
Cite this article;: XU Z H, SUN Y, YUAN X L, et al. Experimental method for measuring single crystal samples by universal X-ray dif-
fractometer[ J]. Physics and Engineering, 2025, 35(6): 133-137. (in Chinese)




7

W5 T Vol.35 No.6 2025

I 4547 )8 TL IR P (Ewald) PR AT H S — K 19
X5 2 I 2 [ 1A gl iy B AR, RS — E RE %
PR, DRI R AT S G SR TR AN R
B (DR P LB 2 0 X P25 (57
JE2) 5 (20 A5 T7 18] AN AL e gl di 145 (3) AR [
SE S AT 10 e Bl B AT S Cn o [ A A4S0
SR SR FH AT BB b A D 1) RIS 1 g S B TG T
B . Y X R AT SR AN R P [ R o A, 2
X G2 A 07 1) ) 05 125 SE AT Y

SIRG P QN S5 NN |5 R E e < B S 71 R /¢
FINAG % A T v 5 4S8R 1) B S AR AR T R Y
ARATF o PRI A o A R 4k A R A A T AT
RS T ESCE MR, A, HETR &
R HR 2 3 S 6 2 TC A Y el T B X S A AT S AR
PRI s R0 ey ) e T 8 X 5 £ A3 S 4SO i
AR BN B TAE B AR S, A TARTEA
41T K Bruker D8 Advance FIA S I Ji& B
di XSS AT S A A S5 5 vk L AT R s AR BE A W)
Hlag R SR O e Ml 2 B A3 AR 4 B S B L
FZ % AR T R AT B T 4R A B
Az FVRIE S AR 1Y 2 R B L AT AR TG X e A S
SEHG R RE 5 SR AE

1 LHMRESHM

LU BT X B ERAT I A Burker D8 Ad-
vance BT S BE dh & R JCRLIARE 5 &, W] X RE
it 13 BEAT XURI e ) o phiCo) (E 8 58 = Rl
BEEE N R L chiOOME R 58 o Bl B 5% 2 B
FIT B b A L B A = 1. 5406 A, T Ok B
(Primary Monochromator) % £t 4 1 Ge (004)
Channel Cut i X 14k, &8 Ge(004) H (A 25 1T
JEHILAL T 9 X G2 BAT B 1Y o B R AR T A
SRPUE AR 22 U B [R) OB ZD T Ky 2K B9 52 0, {H R
W R IFHIIEL T A7 5 3 3 (24 5l N iy 500 ~
15%6) o 1 T A 5 477 8 ot B ¢ e L5 222 v 0 R )
AT RE L R g Ok R R . AR R
40KV, TAERLIAL 40mA,

W+ FE i o~ Bruker D8 Advance %477 5 {3 Bt
1) SICOODARMERE . AT 5T W8 R ] Coupled
Two Theta/Theta F# R, HIILE 20=10"~
130°,=90°,X=0°, 2K FF 53 i [] 53 31| 14 B Hy
0.02°H1 0. 02s. HH T 5 Fh A7 5 i 2 A, PR ot i

AT A Cu 38 R LUREAR AT S 568 B2, By 1k X 2800 %
T AT o I R BRA I S v WL 3 ) AT S
T T

2 IWEREHEARITIE

T R AR B BR A AR AR K AR 5
R 9 TLAT Z2 AR SNE o A — A B A & i S
oy WU B FLAT I 06 I L o O ok R AT P B
THT PR R il o B SR AR o 1 00 T )L T E AR A
e B DR IZ I KSF o RE O RS B, TR
R 18] 5 A4 R U 00T 45 O 15 8 LT E . [ E
Je X Al 5 R AT AR, R A B 22 45 X AT
SAs R R YRR, Pk — 2P 5 0 WA AT 5 3 R
B e e S8 AT S 0 R R D A5 LA DA i 437

. .
EERAI.

AR SEEG R AT FERT A 20~ 69" WAL F] Si(001)
B AT B 0, W R AR R AR B, TC W I B Ak R
%, AU AR SiC001) B Y (004) 177 5t
W ;5 F5 fE PDF R R i i 69, 145°fF 7 — 5E 25
B BOR W TR A E R AT RS 3 HAE K fEp
23T U AN 3R 18 55 B A5 B RO AT £ A5 B L
Ah A RO A T W X R AR T X
S G S A Z B LR . I
LN H A B AR AT — 2 AL AR B phie) H
i 5 chiQO FHHE— 2D VB R S B & B E
H T AR AR K S N AR T SR AT S AR I A

e AR BEAT phiCo) B3 HLAT R 2
FIaniE 1 Bi7s . phiCo) F 45 W BV 2 20 1k 5 &
LR T B R PR AL Shist SR AT . g R T
DA 2 381 i 0] £ A S T 0 4 180 43 A O, BT T
SR, 52 1] T 5 THT 2 75 AR AE X TR DA % B R R R

XgeeiE BRI G

phiffy )

N0
chifif%z)

B 1 phi 35 chi $35 1 LI 7R 2 18



WS T Vol.35 No.6 2025

AEAERAFTE . X T Z SR, phiCe) £ 3 1
T ABL R — 4% TC AT S 0 1 LR X BRL FE L phi
F A T3 v T 43 R A A 0
phiCe) Hill 479 4 7 i 3£ HL 0° ~ 360°, 26 K FI R
43[BT M 4 D S BT 55 00K B2 LA B I i & T )
T Bk i B 0 5 L IR AL phi (o) F N T 345 20 5
PR E )P B P K B R 175 1]
R H T B R i A0 SR A R AR, AR 3 I T 3
0. 35, S B H2E 77 55 58 4 555 04 BRL &b AR 5 0T O 2 4
TR AT EFIE] . 20 36 BUSE5 Br il A5 1 (004) AT 5 U
(68.987%) ., X =0°(%2 chi Wi sh A JE) . LIS
RANE 2Ca) Fros Al LLWEERIFE 83°F 209° Fff T
TR A 58 M AT ) 06 L 12 PR 4 5 R R R O
HRH A 2205 1267, IF AN AT & 5 X6 FR PR 19 £
BE2EHE (180°) . M B AN 5 AT RE 2 R T BT ) A%
) B it O A 2 R R 3R TR 2 AR 1 KO
T o PR, 5 2 3 e 4 i DN 3 oA ) D B
B, LLEEE S A Y phi B chi Bl E AT L8 4 R

126°

3

<

=

g

E

I J L
0 90 180 270 360

9/(°)
(@)
162° \\

=3

St

B

|

gt ]

=1 W0 250 260 27p

»/(%)
0 90 180 270 360

9/(°)
(b)

B 2 SiC00D) K i By phiCe) A Hif K3

AR & e E R AT B8 5K PP AT AN, FEAR
WL SRR phi F 46 BT WA I X 7R R
OB GG W 2Cb) BTz . Bt AT DUHE I S o st
JL chi WAAERU/NR R 22 . WL 3 B 4 T[] —
AUy SCH (RS e, R RE T SRR i S
JE 28 DU S TV Ak B T 04 AT S 0, AR G T o =
oo DLE XK,

XYL

3 AREAETE X Sl A I phiCe) Rl il m 21

T AR 1A (] R, AR A T ORS E  AF 5A
P, T HEAT chiOOFIHE  BIRE & 5 58 o« i 8 Jir ok
BE AT S 0 B 3, HO L R i A 181 1 P s

XFRE A PEAT chi OO B4, 94 I8l —5° ~
594K 0. 027, BUArIHE] 0. 15,20 =168. 987°, ¢ M
WK iR phiCe) FHE N 83. 0977, L4
AN 4 7% I b ] DL % 3 AT 5 3 b A AR
P W (H A7 8 N i 32 0 0 AL AR 3 ) AR A 156 B
TR AR T I E 5E 4K F g b A I 7 52 B b
YT o Mk 180° 5 WL &, X T — A58 £
s EL7E 00 20 A 1 17 B0 R PRSI A O g — A
W H 0 5 TN

Intensity/a.u.

-4 -2 0 2 4
2C)

B 4 SiC00DRES Y chi QO %l 45 1K 3%

N




7

W5 T Vol.35 No.6 2025

YO B AR A BT E AT SRAE , AL 0 R i
TR M 2, 5 428 i 4 a5 PR b B
i [ 5 70 R AT S AR 20 b BBl X TR A
SO A FAEAT S AR 0 B T 43 Bl DA T AR O S
W, (A5 A A R B A S A S 2 A L 2 il A2 A
FiA% S 5T, 7T LUk o i A5 S A T
MAPATRARZS . ST LU T e X Bk &1
TNt T B S I FC AT SR O & B3I O 5 2R T T fi Bk
HIURTYE N <R R i e S ST A o IS o S E R e
RN — A A B Y e, S B oA AR bl T A T
149 D 7% B AR TP A7 T B B K AT AT O R A
[ QRURSIE R o R O e A

L5 25 7 A0 S e L 81 ) 2 ] v i) 4 S S
X5 R ER M3 2. A, 5 5 HKL 7 F
VEHE SIS DX o WIS 5 78 B A 35k b L™ 46 36 2
MR ER . a .7 NE T 25 [ 1 B AR o =
Hot gy s8=K ey =Ly J0h M, i
PR = AT ) b A R X T R A R Ak R
BIAT S AR Sl 20 BT B9 AT B — AR AT S iR EE Dy

Iy | Fp |7 |G ?
b |G BN T80 sRE X T =4 fn ik
sinfaM,H sin’aM,H  sin°=M,H
sin®nH N sintH ) sin"tH

RT3 7 o ) o MBS0 R T £ ) 5 T o
TEAE SR DX AR LA S KN o 1 — 20 T T A3 S 0 114 0
ViR . R ETA] R A B R 57 O R BAEL A IR
AR ML WETE 2/ M, NAR/IN, ) Z A AE AR
R AT A5 551 100 T o U 0 D £ A o e B

G|" =

Pl 5 7 e PR R AT X S R SR O R

FF Lk, ARG e TRMN S
PE SRR 9 =83.097°, X =—0. 98°1E M illl
RSEGRE T 20-0 K%, WK 6 s, 7E 20~

69. 160° B3 Wi i 21 L Co04) fi7 5 W&, 5 R 7 PDF
K H 77-2111 HIEA (69, 145°) TRV &,

Intensity/a.u.

20 40 60 80 100 120
20/(°)
6 Si(001) A Y XRD 3%

B, AT Si B 00D RFHTIEHETT T phi A
i, 98 S8 o L 0~3607, K 17, B
0.3s,20=69.16°,X=—0.98", Z5LWK 7 Fx~,

| 179°
2t
2 L
El
EZ
5
= |
0 90 180 270 360
@/(°)
=3
<
=
7]
5
g
JL
33 34 35 36
/(%)

7 SiCOOD B AY phiCe) il 451 4 % 55 35428 il £k



WS T Vol.35 No.6 2025

A SR U A7 ) B 249 Sy 179°, 49 A %A S T ) R R
P H B Z EE AT ENZ AR S AN AR

XF St B 004) 477 5 04 1 47 B7 425 il 4 M =, S
58 0 JEE Sl 33°~36°, 4 K N 0. 005°, 4 W)
0.1s,9=59.57°,X=—0.98", & 7 MR LN
LA S0 L A0 AR B, J0 P I i Ak FUE A T A W A
FE 53X 32 W% B R R i P JC 28 b AE A 38 LA 1R
FITZA I 0 1 2 v TE R 0. 02°, Ud B A K T
Rt

3 it

ASCH|FH Bruker D8 Advance X 8 £ 7 5513
XF St B AR S HEAT AT SO DU B R0 AR A HT . Gl
ok WUk e 2y 3 0 R TR 0 ME A Y SR 0 L
MARTS T 51 A A B 1Y XS e 07 5 i DA K 4% 422 ity
2, o R R WY BT I A B A AR K BT R
AN e e Be BT HILAG ) P e 2 X5k 2 A3 24X
I SRR R T —E S

2 £ x #t

[1] HUJ M, WANG R, WANG C T, et al. X ray diffraction
model of crystal and general derivation of Bragg equation
[J]. College Physics, 2015, 34(3): 1-2.

[2] SUNY. YUAN X, TIAN X, et al. Controllable nearly zero

thermal expansion behavior in Mn,Zn;, ,Cr, N (0 <<z <

(3]

[4]

L6]

(7]

(8]

9]

[10]

0.20) compounds[]J]. Scripta Materialia, 2019, 162. 108-
111.

WANG Y J, ZHAI ], CHEN W, et al. Theoretical calcula-
tion and experimental study on thermal expansion coefficient
of inorganic crystal materials[J]. Physics and Engineering,
2020, 30(1): 93-97.

AR . X PR A 5Bk O M. dbat. b
ll i i . 2020.

TONG J M. Thinking and practice on research-oriented
teaching in the course of medical imaging physics with limit-
ed teaching hours [ ] ]. 2020,
30(5): 97-101, 106.

NI N, NANDI S, KREYSSIG A, et al.

Physics and Engineering,

First-order struc-
tural phase transition in CaFe, As,[J]. Physical Review B,
2008, 78(1): 821-825.
ZHOU P F, LIU W G, XU Y B, et al. X-ray diffraction ex-
periments in modern physics teaching case[ J]. Physics and
Engineering, 2019, 29(S1). 79-83, 87.
JESCHE A, CANFIELD P C. Single crystal growth from
light, volatile and reactive materials using lithium and calci-
um flux. Philosopphical Magazine, 2014, 94 2372-2402.
XU Z, ZHAO X R, WU W B. The method and characteris-
tic with X-ray rotating-anode diffractometer to observe the
structure of single crystals[]J]. Chinese Journal of Low
Temperature Physics, 1995(6) : 435-443.
NING Y G, JI H, WANG Z H, et al. Application of XRD
rocking curve to evaluate the quality on single crystal sub-
strates of film growing[J]. Modern Instruments, 1999,
(4): 34-37.

N





