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This article explains a system configuration and major components in the X-ray diffractometry employed for the analysis of thin
film samples, in the aspect of differences with powder X-ray diffractometry. Details of the incident optics are explained for
epitaxial films with high crystalline quality in the high-resolution X-ray diffraction analysis are explained. 

 
Key Words: Thin Film, X-ray Diffractometry, Optics, Resolution, Monochromator 

 
 

DEFGH	 
îïðñ_�+vA,-�á�.'Ùd��'Ùd%/

/���0Æ�2�ÛèBw��%12��tB�2>%)

3�)4567N¤¥¦§����842iwt�9y�

2J%)+s�T2JËÌÍÎ§��ã>¾w��ÁÂ��

3:4Å���í3'Ù67�;«%<ã��=m�Ûè

B�)w+ 
èA>�×Û45����>2��?×Û��@��ÄÞ

dNA�d������#>BCDE�FG2
H�¡�è

Bwt�.)+t�¾y>��#>�Dèæwt��×

Û45���IVG�2%m�JHK��L	d�MBwt

N����NO>¾wP£�Q����d�?R2"wt

vA�STíUÑÒ>V�W�
HFG��X=m�

���µB¾y>%H�"�)w+ 
Cg�X Y!Zã����%45[R��\%w4Å�
J]ù^�*%µ"�ÑÒQ��,-�Ów���_`v@

;«%<ã��aÛà>�ÛèB�þj�s�ûüJ�)+

b>��?c�defg>��©�/�¾y%h²2i�*

B��j�Ç��)wv�kl*w<f� 1 @���Ûè
B��c�iwmn�o /2iwpq*w+ 
t�¾y>;«%SH���M_ð��ÚÛèBw XY
!Zã2iw���r2�sÀR]�»t�uÇv�'Ùú

#Ô�H�wx�y�5Ùú#Jz�)+�v�%�A�

��à%{_|}~>þ)��)���2%vH�j��3

ÁÂ�y�m�ÛèB�)%vH�j*w�J�v�wt

�iw+ 
èA>�Ö�
H�CD%H���>�áÞ���%)

���)���ö�	�����*wª«�iw�ÑÒ��

�5��)
H���>sÀ���j�����*wª«�

iw%/�?����>u�*Ê"«RJ.)+ 
���1990 r°���GaAs �°�*w����d�4

��áSH�-_�×Û������ %wT2��õ

>��}Ù XY�����M_ð��Û)ABw¾y>%
j�BCD��E�*%µ"B��}Ù��E���=�

H�"�+�v���r�LED ×Û� GaN %/�CDSH
N��%SH��CD�FG2��èBw¾y>%j�s�

�>�=�j@@iwkD>���ÁãJ.�d�@@i

w+ 
st2�-�>þ)���CD
H�Ö����y��

� XY!Zã���í}~��\����} *wJ>�
�3ÁÂ��Û*wt2/�¾y%,-�ÓABwv�¡

¢*wt��+�-�� 2!>���£1. wx���Q
�sÀ��¬�g¤£2. ��í}~Áã¤�¥¦Q�>
�CD XY!Zã���í}~��\����} *w+ 
§>�¨©2��ST!Zã>@)��ß��ª«%¬

[1-5]�®¯èB�þj�X Y!Zwx���Q�N{_|�
¬�g>@)�} �%èB�)w+���á�à>��

H�°¿±[6-9]J�<ØÙ2iw�2�t"AJ²³��)
�G"�)+ 

IE�� X ���$%� �&' 
Fig.1 >aÛà%STÛ!Zwx�´µ��s�¶·M�

Fig.2 >¸*+.�%��>Ö×*w��>v%j.m�¦
�vAQ�èB�)w��wx�Q����à>¹@�¦�

vAQ�èB�)w¬�w¾)[10]+ 
1. XY[Æ¦ºXYo» 
2. �¼sÀR]¦ 
3. 
H½¾¦º¿ÀÁ^_|¦» 
4. QssÀR]¦ 
5. uÇR]¦ºuÇv»�
ST!Zwx�g�ÂÃ¼�iwmnJ.)t�pqèB

w�2�ST!Zwx�u)�Tø>�tBAQ�¦>@

)�} ��¶m+ 
ST!ZÛwx���à> XYouÇv�Ä¡�¥Å!
ZÆ¾�Bw�>Ö��CD!Zwx�Q�JÇ��UÑ

ÒQ�}~>Û)AB�"��)µ¶wÈÅ!ZÆ2iw+

��>Û)ABw��à%ÉÊÅ���� Åº
H�!&
Å��� X Yo¦Ä¡Å»�� Åºf]!&Å»�� Åºiþj

－48－

Journal of Flux Growth Vol.7, No.2, 2012



Ä¡Å»�WÅ�þ¾ËuÇv�ÉÊ*w 2� Å�µæÈÅ
2CÌ>Q�èB�)w+tBAÈÅ� Fig.2 T>ÍY�"
2¸��+���#Î � Å�� Å�¾�%)ST!Zwx
���� Å�� ÅÄ¡'Ù�°Û*wÏ|ÍÐ^ÑÒº���
�-� Ï|ÍÐ^ÑÒ%/Ó�Bw»���>Û)wtJØ
Ù2iw+ 
%þ��Å�ST XY��2� �ÅÓ�B�2�Å���

�Ôö%H�)wt�.)+CD X Y��2��2� Å
�Õ�>Ä¡èB�"xy/ 2� Å����Ôö%wt
�o /%)��Õ�%Å��ÖjN*)¾y> �Å
)y×�ØÙ�ýµB�)w+ 
���!-�>� Ú*w�
H�f>eÛ*wÜ]f

�I�*w·LÑ¤-_Ñ��º���>�uÇv� 2� Å
�eÛ*wgúÝÉÊ*w·LÑ¤-_ÑÅº2��»ºÓ�B
wÉÊÅ�Þ*w¹Å!ZÆJ�ßèB�)w+ 

I.D� X�JKLºX�M» 
XY[Æ¦� XY|_àÍÒ>�CÌ> Cu�ÚÛèB�

Éà>×l�Mo�Co�Fe�Cr %/JÛ)ABwtJiw+
[Æ�� X Y�|_àÍÒRS�áâ�Þ�[��b5 X
Y�Û)w+|_àÍÒ�� Cu �Û)w���Cu K� Y
�Û)wt�CÌà2iw��s�b5 X Y��Cu K�1

Yº[� = 0.154059 nm» Cu K�2Yº[� = 0.1544 nm»� 2@
�[�vA%j�b>U�d�%)��>��s� 2 @�b

5 XY�ö��;ãä2iw�Cu K�Yº[� = 0.15418 nm»
���µBwN 

I.I� OP)*QRL 
2��¼ XYsÀR]¦��³¼èæw XY�F�§åÍ

Òâ2æF��j�ã�d�U�d��j*wçè�8�*+

Fig.3 >�¥@�sÀ��¶·M�¸��+Fig.3 é��CÌ
à>ST
H>Ö��Û)ABw·ÄTãsÀ�º2iw+

Fig.3 ê��CD
H��>CÌà>Û)ABw�ã�._
ëãÓ�BwsÀ�2iw+�r��ßèB�)waÛÇ

� XY!Zwx�.Éà>ÚÛèBwt�q�èB�þj�
·ÄTãsÀ�º·ã�._ësÀ�º��j���_U>

��w¾y>%H�"�)w+ 

I.I.D� ST�)*+ 
ST!Zwx>�ìmÛ)ABw�Fig.3 é�·ÄTãsÀ

�º�í·>��·îÌÍï�î-Ñ|_ðñòÄTãsÀ�

ºBragg-Brentano para-focusing opticsó�Ù = BBsÀ�»ºÓ
�Bw+X Y[Æ¦uÇv��
H�Tø��C�ôõ
��MT�ö?Y2¸��÷ø�ùú�ûm¾y>ü"�s

�Õüõö��1 : 2%w¾y>Ä¡èBw+@�j�
H
�f�ý�Y#��Pþx���X Yo�Õü	� ���
¼ X Y�ý�YºFig.3 TVY»�ý�Y>Ö*wuÇv�Õ
ü	�s��� 2� %w¾y>Õü*wt%w+t�
"�Fig.3é>¸*¾y>�XYo�þxuÇv�þx�
éêÖÙ�ùx%j�I���)w
H�Ü]f��
H

�f>o�ã�%H�)w+ 
���XYovAÇ¼èB�)w X Y�?�>� Fig.3 2

¸��¾y>[���
H>³¼èB�)w+s�[�Ôö

�:���)w���§åÍÒ DS 2ij�¿ÀÁ^_|�
�ºX Yo¦vA
H�2�ôõ��ß�!Zwx2��150 
mm vA 300 mm �ö»>J¾w��	0� 1 °�ö�Û)w+ 
t�sÀ��CD
H���>Û)wtJØÙ2iw��

iw�ö�
¼º�1 �m �#�É£»�ij�ùú5��)

H���>Þ�2iw+ 

I.I.I� UVWXY)*+ 
Fig.3 ê2¶·à>¸��ã�._ësÀ����¼sÀ

R]�Û)�ã�5��)�¼ XY�F���
H>³¼è
æ���*wsÀ�2iw+�wx2��DS �X��m
��XYovA�¼�>[���Ç�mw XY�C¦G��
`ÍÒ��Û)wt�.vH����r2�CD¡�ÁÂ

�»t> ¾ j � ·.�D� Ì_ º ºMultilayered X-ray 
Mirror»[11-13])ysÀR]��<2"w¾y>%j�[�
*w XY���¾mÄsíã�d*wt�2"��ö��
)ã� XY�ÚÛ2"w¾y>%H�+���t�.�D�
Ì_��kD>iw�ö�U�d�8Jiw+ 

X-ray source sample

Detector

Incident optics Receiving optics

 
Fig.1  Thin film X-ray diffractometer equipped with in-plane scan 
axis. 
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Fig.2  Schematic drawing of thin film X-ray diffractometer. 
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Fig.3  Schematics of optics for XRD para-focusing optics (left) 
and parallel-beam optics (right). 
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Fig.5  Differences of signal collection in 0D detector and in 1D 
detector. 
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Fig.6  (a) Picture of thin film XRD system with 2D detector, (b) 
interpretation of data image measured with 2D detector. 
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Fig.9  Schematic illustration of channel cut monochromator 
crystal. 
 
 

Fig.10  Schematic illustrations of “2-bounce” (left) and “4-
bounce” (right) monochromator units. 
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