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Abstract

X-ray Dual crystal diffraction is an important analytical tool for semiconductor materials and
structures. It is widely used in the characterization of materials and devices such as semiconduc-
tor thin films, superlattices and quantum wells. The article reviews the application of X-ray dual
crystal diffraction in the analysis of film quality, alloy composition, superlattice film thickness and
strain. For semiconductor lasers, the accurate measurement of these parameters is of great im-
portance to the development and research of high-quality devices.
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PGB, TS ANEZRRIE ML S TR EA B SN, FETAMTHIERER G R, WA A R
(I3RAF 2 JZ B S5 M P o B XS 2630 70 S R A B A IR T 5, I X S 2RI 3 22 BB AL B AN GE J2 O AT Y
A %o R T S RS B 0L . AR RN 25 51 BRI S B BE AR 2, & 245 HHME IESEmE, X R
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Figure 1. The schematic of X-ray dual-crystal
diffraction [5]
B 1. X Gt BT SRR E[5]

2. Wam XRD T4 FHM RS54
2.1. W& XRD M EEERAI 54T

2000 4, JbiFIE K2 T REET ST ABMA Ashrafi 25 A [6], 78 GaAs(001)#1 )& E 264K T ZnS
ZE, EEMNZE AR INEED S5/ 1) ZnO HE, @I XE XRD SHATAK 1) ZnO RT3 4T, RIL
ZnO FEREAE I A K D7 1) B W SRR H BN 4.37 A, SENETHES B N BT S5 M1 ZnO R A% 5 5 4.6
A3, EBITE GaAs(001) 4 i I AE Kt T A N 458 1) ZnO . 2003 4F, E. S.Shim %5 A
[717E InP(L00) 4 i FAEK T ZnO iR, KR S EAT OB AR FE, @ XS XRD A58 T7 V2 R 78 #UR
KAF ZnO TH B S5 R R RE R

2007 4, W. Lee %8 A\[8], 7E GaAs(001)#1iK L oA T/ ZnTe b2, HAEZMEZE FAEKH T
GaSh FHE, KRS FEAT WS X S RATHER, & 2 Fon. BT RS A fREALE GaAs(001) 4] i b B 324t
ZELE K GaSb L, £ B fRERTE GaAs(001) 41k - AE K ZnTe ZZJZ 1) GaSb . ARHE XRD Wl & 45
ALVEH, 7F 020 FFEL T, i A5 B &5 (FWHM)ZE %6 177 98/ $1] 171 arcsec. TMifE o 1
FEDLT, FEd A 5 B 1R T8 28 95 K AR T RIZN AR 4K, B 1154 9/ 3] 606 arcsec. 5 € %] GaAs 5 GaSb
Z A A BRI A& RIS, FTUATE GaAs #1iK FA KK GaSb #ifET, 51N ZnTe &2, ALK S ik
JR BT ) GaSh

2016 4E, AR AIME Si #f R _EA K 100 nm Ge 2302, RJEEKE R EM GaAs 4MEE . H1T
Ge Z2ih 22 I-V/Si B RER) Se8E, [Hit, Ge ZrZRIFENIFRMCRA, &R N-VISi &
E B fig L it LA B 2 A5 [ 10] o

i 3 fvR, Si AR EAKE Ge AMEEIEAF M) Hy L R XRD #2312 1Hh4E, I£3k13 Ge(004)
g Fity 2 1 5 B 5 H, BRI EL M 60 scem 14 i1 £ 80 scem, Ge(004) U4 1) FWHM M 993 arcsec /b %1 571 arcsec;
H, #At EL A 80 scem 10 %) 90 sccm, Ge(004)I4 1) FWHM M 571 arcsec #4in%] 730 arcsec. 5t/
XRD ()58 Ge(004)IEE K] FWHM ZE{b &35 AREL. HR4E X4 XRD MHAPEH o LA i, Ge(004)
HME [ S A T B FWHM B98N 8 e Bk, FRATAT LA HTE Si 4R B AR K A Ge(004) A1 AE
JEAE Ha HE3AE EL %5 - 80 scom B (44 57 & A i« 7 700°C3B ‘K Ji5 , Ge 1 FWHM M 571 arcsec F#{i £ 406 arcsec,
Ui Ge AMEZERGR KGR B — PR THEE, ATFRIREAS, S8 n N-V/ISi # BOKPH e
HI Rt 1R &A% .

2.2. W XRD *iBmiEAHEEN ST

HT T R AR S5 R PR AT R 7 R BN R, o X SR S S RE AN AL DR A R
PIRTREI RS T JZ 200k X5 S om0 B S5, =24 St 2= 1) T e R o ) 00 B2 S A B M 0T B 2 F
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I, SRR RS W, NIRRT 2 5 BB T A T AT b — 2R 8 TR AT [FE 5 AN )
T e R b T e ) BT DA 50 L S P TR SUI VR EE D, B A LYY JR L A T AR 3K
A
:ZAecoseB

Horp, 29 XIS, A0 i RS AT I I R EE, 0 4TI bragg AT f -

2007 4, J.B. Rodriguez % A\[11], 7£ n %! GaSb #HJi& FAK 1 11 AL InAs/GaSb &t . A1 b
B9 100, 8 fb A% BN L T, InAs A GaSb #B4EK T 10 ML, 3 HAE InAs-Gasb FtTi5I A T 1 ML
(17 InSb, H MR A KA 4% 5 GaSb #1JEIA B HE S ME LS, T RGN AR FME B fids o JlId XU 5% XRD
SHATAE K InAs/GaSh #8 S AT 40T,  TF 543 B8 di s 10 AR 63.4A S5 BETTFSS A&, JF
H M XRD i 75 S5 A% 10— T W04 55 )y 28.5 arcsec, WIIHAS (I 5 1 B AE KA 21 T R B B %
11 InAs/GaSh i 5k

2009 4, TR PR IR A 1A N [12]35E 178 GaAs #f I EAMEA KK A 11 AL ik
¥EE: InAs/GaSb(2 ML/8 ML) InAs/GaSh(8 ML/8 ML), Ffill 4% 1 3% 5 itk B 110 8 0l A mp e 4300
o, HUHRIE TR AR KAE 2.1 um B InAs(6A)/GaSh(24A) L AMFEI $E[13]. MK 4 AT LA gL F]
InAs/GaSbh (2 ML/8 ML) S B PSR, K 15 21 Fr0 i A AT S e A1) 7 10 P 5 4 JEG 19 bragg 7
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Figure 4. XRD patterns of InAs/GaSb superlattices (1#: 2

ML/8 ML, 2#: 8 ML/8 ML) [12]
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SHARNAN 2 o, THEABIIIE AN 31.2A, 5111 31.5A FEAWI4 . %I InAs(8 ML)/GaSh(8 ML)
H gk, THECH TN 57.3A, ML 50A FKLL, X2 T Sy As NAERMAIR, SCHIHR T
B SR G T4k B K R R R T T

TR R 1 XRD BT 700, PTRAIRAG L S ks & 2 iR I, RIEESSH, 5
ARG ISEGRATH L, AT S AR SR 00T, 6 T AR v o = A A5 LA B

2.3. W XRD B R EFHNMTR 2T

HI T HME R AT I S % H AN R, SRR TSR B X AT AT 7 R e, AR PN I 1
RS AQ, TTULTHE BB AR R NEAR o R A% MR T B A 5K

_ad

£ 5 =-Adcot 6, 3)

Horf, ¢ NRAR, AO N O LATHHGERIAT R AR, 0 it bragg fiTh M. HRYE Vegard EfE, wI LA
TR AME R I 5 B NAR o Gn R4 E 2 00 JE BRI T I S A, 2 38 I B B R A8 R A A 2 14 )
FARGERRIAL o

2002 4, Y. Wei 25 A[141408 T 1 B InAs/GaSh i itk /5 AR PRI B S it Bop ik« S 5 mTLLE
B T S5 AR I TR SR E R SSA, WIS XRD BEUSEEA—E. 3R [(INAS)16-InSb-(GaSb),],
[15])8 fii#%-5 GaSh 4R Z AP % KRR (N AR), Kt 0 ZATSIEART I MIRIEE A0, 4o bragg AT A
O RNAR 3, M T[] R 45 1 AR S5 M 1T 5 AR 200N 0.0608%, Mo - Ji 45 H Ak 45 /) 209 0.0544%, T[]
JIR 45 A AT S SR R A A R, R I A 28 58 (FWHM) 43 58 53.7 AT 43.1 arcsec. XF T p X5
[(INAS)6-InSb-(GaSh) ] i &k, & [P df A FL 2R (N AR) [ EARAN A 3 4079 0.1919%, TR FWHM
#£)°} 42.8 arcsec.

X [(INAS)16-InSh-(GaSh),], #8 it XRD BRI /30T, AT LA H Az K 58 1 14 [ 53 465 168 o i 0 S5 o &5
A% GaSh Ao i [ ST i SR B R AR A& /N, ELE AT 2R 0 1) 22 0 55 (FWHM) AR /DN, SR
A PR SR /N, AR AT B (8 R A R R, DA TR 11 Y InAs/GaSh i di i G AR IR A5 1)
WHHIRAL T R4 1 25
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Figure 5. X-ray dual crystal diffraction pattern of high-quality
InAs/GaSb superlattice (004) crystal plane [14]
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Figure 6. High-resolution X-ray diffraction patterns of 220-cycle InAs(8
ML)/GaSh(8 ML) superlattice samples A and B grown on different growth
dates [17]

E 6. A[E4E & BER4E HHY 220 EHA InAs(8 ML)/GaSh(8 ML)#BE &M A
N B ISR X SHEATEELT)]

2008 4F, FEHEZEIKE BN B. R. Bennett 25 A [16]7E GaAs 41/ FA K T GaSb/AlAsSh & -
K24 GaSb B2 5 GaAs #1)K B AHKIT 7% S A% RECE, PR, SEI6 @il 75 2 2 AlAs,Sbyy 1) As Al
Sb HI4L4> K A% GaSb BEE h RiAF . @id XU XRD % FrAE K () GaSh/AIAsSb & BT 401, KIALE
22 )2 AlAS,Sby 4155 N AlLAS) 235Sh0 762 FITE L T, GaSh B N AR Y /N E 1.21%, HZF -6 55 4 690
arcsec. PiRHZERKAS R T HT i i GaSb/AIAsSh &1 [ 45 4

2009 4, C.Cervera 55 N[17]7£ GaSb(100)4+Ji& FAMEAK T 11 Y InAs/GaSh i df it . H s A
JAWIR 220, 8 &A% TIEA A IIH, InAs F1 GaSb #RAEK T 8 ML. Wil 6 Fion, i A 5 B & A [FE[A]
A KA InAs/GaSh i it i, R4 XRD B AT LAFS 21 0 20 AT 5 0 AA SIS 1) £ 1R BE AG, 4+ JEC ) bragg £T5 £8 Os,
K EAMRNA 3 AT InAs/GaSh &l i I N AE —-0.05%,  H H B s ] LUE 2135 i i = b L2
U, H TR UM 0 B R A, A K InAs/GaSh i fi i FL A 458 i I i .

3. RE

R, B B AT S A AR e R B 2 R, AR AR HE R, T
HT I T B AR 22 FEAL R ST Ak, PSR 2 R AL 2 BT A8 BSR4 i ELr i 55 . % X4
LRATHRUL, W R X SR BURATH H 1T B A USRS T N . ERMFAR, A T8
FITEAS A I 15 B USSR TAR MR T, Jeidhifn & 2 00 =Sl AT 460 o DO A7 5 [18]40 IEZE AN
WK H
4. &g

ARICAE T A XRD TEZ AT AR R Z AR 8 1R DS 22 S M A J THI A R FH R B X
SHERAT S T2 v IS A 52 - S AR R A T ENEE . T EHE . A NS RRSH,
KEESHREHANE , R TAKTERE W SEMR R CEE, X T miER 0t kS EAE
B
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