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1. Auger electron spectroscopy 
2. Secondary ion mass spectrometry 

3. Ion beam analysis 
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4. Nuclear Reaction Analysis 
5. Resonance Elastic Spectroscopy 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

  
  

  

42                                          ���� �	�
�� 
�
��� 	����� ����
�� �	������ ���
��� ��  �
�� 	�!"�                        ���# �!$�%   &���'1  

 (E�8)��6  X�?' 3��N�%W��    �#
K�)��� _K4F	 D4� �  ]
)

0��
�' �6 (O  ]
) �6�� ���J g@�� ��   P�� BK�� �K?�  �KJ  �'

P�� �6 �8��F	 �J �) 0�*�' 0�6  �7a��K� 
�,	 (E�8)� B��C� 0�

"
KK� 
KK&��  /�   "1�� (��KK7$?� 0�7	��7$fKK�� �KK���)AES (� 

  �&
K� V�� 0�7	��7$f��)SIMS(   �K) &��/ ��KnO    "'�K	 �K6 0��KW


&��' ���
� '�
	 �7%�6  
&�]2[.  

P�� �' �J     _K4F	 D4K� @�K��8U �K6 ��
� �6 0
�
%� 0

[KK�G �' c��k 01�KK&� �J�KK) B�KK�o�J � 01�KK&� �KK6 ��KK)��� 

YZ%	 [�G  � �' c��k 0��6 "��
�J 0��5�6 
�
%� p���� �

�	 '
� .e�W&' �6 ����& 
�
%� ��5 ('�)     �Kq�G  K� �KF�G ('�)

�	 c�
- r�a '��#.  

P�� NRA � ���6� 3���	 0��6 AC?�4	 ����& �J0  �KF�G 

�-��G  W� �' ��H �JI/�& 0  @K�� . BK�� P��  0��K6  XK��s� 

�-��G  W� )  �K) �(E�K8)� 
�&��JB6�   (1��K7�&�.. (. @�K��8U 

0'��/ '��'. �6 ��
� �6  '�K6  '�
Ks	  (
K�  �KJ0  01�K&���  '�
K	 

"'�,7�� � ��& (�
� L5
� '��/ cH
qs	 tJ�6 ��)  "
K�'����� 

P�� NRA ud�G 0��6 ��?�&O A�U�&   K�'�&  �K6  D4K�  �K6  ��K) 

�	 '��. �6 "/�
&�  0��#01�&� c��k  ��'��K6  X�K8#  "
K��  (�K$	� 

B��C� ���&A G�F� @T�S �-��G YZ%	 �' A�U�&  �'�& D4� 

B$�	 �	 '
�. P�� B�� 0���'   K�$,�  0��bK�  �K6  @�K��8U   

 50 Å @��  �)�6 ��
� �6 m
& tJ�6 ��) �78J 0� '�
	 "'�,7�� 

 �K	 ���5   '�K�#�  v����K	  "'�K	   �K	 l
KJ  
K&�
�  �K� 6 µm  ��

0/����$�O 
�) ]3� 4[.  

'�
!�'�� �#
�)��� v� )RBS(  ��&���� ��S	  @K�� `�Z

�$���6 /� "'�,7�� �6 �) ��'��6 c��k /� 0��     (��7$?��K*	 01�K&� �K6

� �C?�4	 �6 �@?� �	 
	�� '�
	 �$���! r�
a ����6  '/�'�K� .

 P�� B���6  c�
-      @KT�S � @	�ZKN B�K�C� 0��K6 "'�7K8#

��G�	 "'�,7�� �- 
�' ]4� 5[.  

P�� /� "'�,7�� RBS'��
&�7��  0��6�6 @�' ('��O ��  XK��!�

(E�KK8)� �KKF�G� �KK6  XKK�?'	 �' (E�KK8)� L�CKKN e��*�KK� XKK6�F

v� ��	/A  0
5���& /� '�
	 v����	   �K6�� �?�K] �K6 �  @K�� ��. 

_&�	 B�� �6 �W�S 0��6"/�
&� �   v&�K&�/� 0��# �7K8J 0�    �7K�H�

8U ('�6 H�6 0��6"/�
&� @���    �K	 "'�,7K�� (E�K8)� 0��#  '
K�. 

 �#
KK�)���  �7KK�H��KK8&�&�/� )RES (16O(α,α)16  �KK���

P�� /� �
+%	0�J  IBA  0��K6 �K6  @K�'  ('��O AK���&   �KF�G

 (E�8)� �) @���6 3W�      (�
K� � H�K6 ���K86 @�K��8U   K�$,�

�	 "'�,7�� (O `
a �F�G '
�. �#� ��& 0��?�&O P�� B�� �' �]

�
� �6"/�
&� �6 � 0��# �J     01�K&� �' �K) ���K	�+6� � @K�U/�� 0

 �8&�&�/��@8J  ��d$%	 '��' '
K��    BK�� 0H�K6 @�K��8U �

��S � P��
��6 ��*�%] �7%�6 "
� ^G�6 (O ('
6 `�Z	 ]6� 

7[.  

 �KKC?�4	 BKK�� �'�  �KKF�G XKK��!���   �' (E�KK8)� @KKT�S �

�&
�& �J/� "'�,7�� �6 0
&O 0���	
?O
�8)� 0  P�� �'  �#
K�)���

  �7KKK�H� �KKK8&�&�/�16O(α, α)16O  � ��KKK)���7KKK8J 0�   

 16O(d, p1)
17O  �16O(d, p0)

17O   @K!�# ���K5 ����6 '�
	  �

�8��F	 P�� �' B�� B�6 0�  @5' �T& /�"/�
&�  0�K�#   XK��!��� �

(E�8)� �F�G @!�# V��&�.  

'�	  � 0
&O V
���	
?O 
�8)�� �&
�&    @a�K� 0��K6 0
��) 0�

  � �K?
?
&�& �t�K�
&�& 
�&�	 ���J��7a��
&�& ... @K�� . 
K����!   ���
K&O

%� �6 ���	 �) V
���	
?O�&
�& X�$ �	 XZ�Z7	 0���	
?O 0�J  '
K�� 

����O "�,U
&�& /� 0� �	 ���7& �� H�6 �?�*] �6 0/�
	 0�J 
J'.  

2 . ��
��* ���  

�&
�& �J0���	
?O 
�8)� 0 
&�&     BK�� �' "'�,7K�� '�
K	 XKZ�Z7	

���	/O�       
�K�� @K�?��7$?� e
K�s	 �' ���K���7$?� P�� �K6

  �?�8)�3/0 �H
	�  P�� �6O?� ���
&1�7 40 ��+� "
� 
&� .  

O�&
�& ��?�&  �KJ    (�	/�K� l��#�
K&�� "�*K%��	/O �'  01�K&� 

(���� ����`�7� /� "'�,7�� �6 � �
�J' l��#�
&��  0H�K6 MeV 

3 
� V��&�. "/�
&� 0��# �J �H (���W�6 X	��A  V
���	
?O 0
�8)�

 �6 "
� ���
&O K$���6A  ud	�K)   � V
K��J 0/�
K	  (��K��'  � '
K6 

/����$�O  "
K� "
K�)��� v� �,?O c��k 0 �   (
K���� �K�&  �KJ 0

 ��KK)�� �KK���a (d-p) pKK�
�   �s4KK� 
KK� /�KK���$�O 

 �&
$����)SBD ('
6. �$���6 �J A���/ �6   �K&
�& D4� �6 e�	�&

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

  
  

  

���# �!$ &���' �%1            )*�+ ,�� �- ./��0� 
�/* 1�� � �� 23���� ���+ ����4� 	5�����6 .���� ��
5 �- 78
/�� 	0�9       ...           43  

  vK� c��k � "'�K) '�
a�6     �K���/ @Ks� "
K�)���165  �K��' 

�&
�& D4� �6 e�	�& ��'�6 �6 @W8&  ��$�O
� .  �$,� c�
5

$���6 01�&�A    /� �K7+6 �K,?O �&
K�500   �@K?� (��K7$?�   c�
K5

  /�K���$�O 01�&�  �$,�15   � @K?� (��K7$?� 
K��)  B�K�o�J 

0/����$�O  �&��7$?� � /����$�O 01�&�  �$,� c�
5  �7+6

 /�20 @�� @?� (��7$?�
��).  

01�&� �6 V
��J �$���6 �J0 MeV 045 /3 �090/3� 35/3  �

18/3 �&O P�� �'0��? RES
� "'�,7��.  

��)��  �KJ0  �7K8J 0� 16O(d,p1)
17O , 16O(d,p0)

17O   �K6

A$���6  01�K&� �6 0'��! (����' MeV 4/1   
K� V�K�&�.   0��K6

 lbKKU cH
KKqs	 ��KK)�� /� �KK��& �KK*�'�7KK8J 0�  �KK�& �

(����' �Jv� 0 "
�)��� "
��  0�J�7��!(
7f) �6    
K� "'�K6 ��K). 

 � ��) ��?�&O��W� �L�M 0/� �J    �K6 ���K	/O /� XK-�U 0 
K) 

SIMNRA V��&� 
� ]8[.  

0

130

260

390

50 100 150 200 250 300 350 400 450

0

98

196

294

0

98

196

294

50 100 150 200 250 300 350 400 450
0

98

196

294

 

 

C
ou

nt
s

 E=3.045 Mev

AlO

 

C
ou

nt
s

 E=3.090 Mev

AlO

 

C
ou

nt
s

 E=3.135 Mev

Al
O

 

C
ou

nt
s

Channel

 E=3.180 Mev

AlO

  
 ���1 :�� 	
��
 ��� ��������
���� ����� �� ��  

 16O(α, α)16O	���� �� 
 	 MeV 18/3 -3  

  

3 .>1� � ?�
��  

1.3 ."
��� ������ ��������  

v� 0�,?O L�M   ��K)�� /� "
�)��� �K8&�&�/� 16O(α, α)16O 

01�KKK&� �' �KKKJ 0MeV 045 /3 �090/3 �135/3  �180/3  /�

0
&O 0���	
?O�  X$� �')1(    "
K� "'�' (�K%& @K�� . �KW?  �KJ 0

L�M ���+7&� �J X-�U 0) e�&�)350 ��450 (  �
7)�K! �6 ��
� �6

���������*�� �q�G �) V
���	
?O �$� (E�8)� �6 @W8&  @K��� 

,?O c��k �6 y
6�	� B�� /� �7%#�6 0 �q�G @K��    pK�
� �K)

�� /����$�O� "
� P��@� .��5  �KJ �K8&�&�/� 0  �' '
K�
	 

e�KK&�) �KKJ 0200 �KK�350  � /� �KK��&#�6 0�KK,?O c��kKK% /� �7

t�� �J (E�8)� 0@��   �K) �K6   c�
K-  vK� �K8&�&�/�   "
K�)���

"
� 
&�. ��5 B�� �J ���	/ �6  �8&�&�/� ��S �7%#�6 0�J�,?O /� 0�

 "���J V
���	
?O /�@��. A�5 �01�&� ����!� �6 �8&�&�/�   �K��&

t�� v&�&�/� /� �J  �K$���6 0�K,?O c��k �6 (E�8)� 0�  �K6   @�K�

01�&� �J��� 0B� ��  "
�%)�	 '
��    01�K&� ����K!� �K6 _5�� �' 

0'��!�J�) [�G �6 0k
,& �,?O c��k L5
� (�
� � �	  � 
6��

^G�6 �	'
� [�G �� �Jv� c��k � "'�) k
,& �7%�6 0  "
�)���

 �� 0�7�) 01�&� ��&�6 X�?'  @K��' 
�J�
a [�G �' k
,&.   vK�

  K�$,� � "
� �7%�6 P�� @���8U     ����K!� �KF�G 0��bK�

�	 
6��g B���6��6�  @	�ZKN B��C�  3K�)�� �  �K�H   BK$�	 �� 0�

�	 '/�� .    0��K6 �� �KF�G XK��!��� 01�&� ����!� B�� B��o�J

t�� �J�	 V��&� (E�8)� 0 
J'.  

 �6P/��6 )Fit (��5 /�  � �J �J �8&�&�/� 0&  �K� �K%	 "
J

�	 ����!� 01�&� �] �J �) 
� 
6���    � ����K!� �K�5 ��/ D4�

t�� ������� [�G (O _W� �6 �J�	 ����!� (E�8)� 0 
6�� )X$� 

2(.  

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

  
  

  

44                                          ���� �	�
�� 
�
��� 	����� ����
�� �	������ ���
��� ��  �
�� 	�!"�                        ���# �!$�%   &���'1  

100 150 200 250 300 350 400

100

200

300

400
 E

0
=3.045MeV

 E
0
=3.090MeV

 E
0
=3.135MeV

 E
0
=3.180MeV

C
ou

nt
s

Channel

600 800 1000 1200 1400
Energy (KeV)

  
��� 2 :&'( �� �)
*� 
 	���� 
+ ���
���� 	 
  	MeV 18/3 -

045/3  

 01�&��,?O c��k A$���6 0'��! "�+6 �  �KJ?�	�& 0 /� "
K���  

O3 Al 2 �&
�& �J X$� �' )3(    @K�� "
K� "'�' (�K%& . BK��� 

 �6 �) @��[�G 01�&� ����!� /� 0�7%�6 0
7s	 (E�8)�   "'�K	

���	 `�� '
� ����!� ��& (E�8)� "
� ��?�	�& "�+6 � �	 
6�� .  

3.04 3.06 3.08 3.10 3.12 3.14 3.16 3.18 3.20
2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

N
or

m
al

iz
ed

 Y
ie

ld
 (

 A
N
) 

Beam energy (keV)
  

 ���3: /�0+ /��1��
2�� ���
���� 	��
 	
��23�
 �� 45���� 

&+  6�37	���8 	
��
 6��9 	���� �� �:+
;  

  

    ��'�
Ka�6 ��H�K6 @K��J� /� P�� �J @5' (���	 ����

@��.     �' �K$��� �K6 �K�
� �6 "/�
K&�  0�K�#    �K-��G @KT�S  �K�

��H @	�ZN �J   �K$���6 c
K� @5' (
] ���J�7	����  D4K� �

_4F	�    "/�K6 B�K�o�J � ��
�J 0�J�7	����)range(  �' c��k

�' �*786 �&
�&'� .P�� B�� �' �4a (���	 �   �K) �K75' V
G ��

 _4F	 D4� �'��W� �' "'�,7�� '�
	  0/�K�  P���K#  
K�" ]9[ 

���J  @5' V
G (���	 �6a 
�&��J �*�' 0�J�7	����  0��K	O 0�4

 0�� �6��5  �KJ (E�K8)� 0�    �K�) 0�K4a "/�
K&�  0�K�#   @KT�S

 '�
U �' �� (E�8)�%6-5 %�	 '��O�6 
�).  

3.2.  �����d-p  

KK����(
 �KKJ_M�KK� 0  "
KK� /���KK)�� �KKJ0 16O(d, p1)
17O  �

16O(d, p0)
17O  �' P��NRA X$KKK� �' )4 (� )5( � )6 (

@�� "
� "'�' (�%&.  

L�M B�� �J  X	��3 "/�
&� 0��#  L�7Z	@�� �)  �' X$�

)4(�    V�K�&� (
K7f) �7��! (�
6 /����$�O p�
� c��k P����

KK7!�#@KK�� � .�' LKK�M BKK���  "'/�KK6"/�
KK&� 0�KK�# �KK6 "�dKKG 

V
����' �J� 0v "
�)��� t�� /� "
� �J(E�8)� 0�  V
K����'  �KJ 0

�7��! p�
� "
%& L5
7	    ��K)�� /� �K��& 0�K,?O c��k ��& �  

)d, α( @�� "
� �W��s	 ��&.  

160 200 240 280 320 360 400
0

200

400

600

800

1000

1200

C
ou

nt
s

Channel

 Experiment
 Simulated

1200 1400 1600 1800 2000 2200 2400 2600

Energy (keV)

  
 ���4 :���  ����� 43;���&<�  	�  16O(d, p1)17O �    

16O(d, p0)17O 4��;�� 
+ ���*  
 �� 	  ������� �� ��
�<=� 
+

>�)�
+  ?)�;��MeV 4/1)�<'�8 4��+(  

   

X6�F	 /����$�O X$� �' �J 0)6 ( �)5( 0�J�7��!  (
7f)

 � ��H  0�6 ��H �' (
7f) �7��! ��& � �&��$�	  0� "'�' ���5

�� 
�  _&�	 /�(����' (
��� �Jv� 0 "
�)���  c��k � "
�

 ��)�� /� X-�U 0�,?O�78J 0� �'
g B���6��6�  c��k '�
C�

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

  
  

  

���# �!$ &���' �%1            )*�+ ,�� �- ./��0� 
�/* 1�� � �� 23���� ���+ ����4� 	5�����6 .���� ��
5 �- 78
/�� 	0�9       ...           45  

(
���� /� X-�U  �J�) ��)���	 ��g
6  ��
8s	 ���{� �?�

L�M �' �J �'��& "
 '
�.   

��5 �J B�� �' '
�
	 0L�M �J ��+6 (
���� �J 0 /� XK-�U 

(E�8)� ��)�� )O p1( O, p0  �	 (�%& �� 
�J' ./���&O  BK�� �)

��5 �J v� (�
6 78J �*�' A��	/
�� ��/ D4� �K�5  KJ�  �K	   
K&�
�

�6 (E�8)� @T�S '��O�6 0��6 '�� ��).    X$K� �K6 �K�
� �6 )7( 

 @K�� �+�
� X6�5 @T�S 0���' (E�8)� �) @�� ��$�O �   �K�

@�� "'�) k
,& "'�	 /� 0'��/ [�G. ��W�  0/�K�  �KJ   �' @KT�S

[KKK�G atms/cm2 ١٠
١۵*30000  ��KKK�7a� �' �� (E�KKK8)� /�

�	 '��b#. '�) ��
� 
��6  P�� B�� �' �)��&�  ���& @5' V
G

 /�"/�
&� 0��#�  K6�     �K�& � c��k 0��K	O 0�K4a �' "EK��   D4K�

_4F	 �J0 ]10[ ���� �' "
� '��� 0/�� �J 6� 01�&� �' "E�� �J 0

 /� �7�)KeV 1500 �6�� ���	�+6� �6 �)     "
K� ^KG�6 �@K�� ��


��6 �7%�6 �W��	 �' ��  � '�
U �' �4a B�� �).  

  

150 200 250 300 350
0

20

40

60

80

100

C
ou

nt
s

Channel

 Experiment
 Simulated

900 1200 1500 1800 2100 2400
Energy ( keV )

  
 ���5 :���  ����� 43;���&<�  	�  16O(d, p1)17O �    

16O(d, p0)17O  ?)�;�� &�)�
+ �� ��
�<=� 
+MeV 4/1)
+ B)

43<C� �<'�8(  

  

150 200 250 300 350
0

20

40

60

80

100

120

C
ou

nt
s

Channel

 Experiment
 simulated

900 1200 1500 1800 2100 2400
Energy (keV )

  
 ���6 :���  ����� 43;���&<�  	� 16O(d, p1)17O �  

 16O(d, p0)17O >�)�
+ �� ��
�<=� 
+  ?)�;��MeV 4/1) �� 
+

 �<'�843<C�(  

0 5000 10000 15000 20000 25000 30000
50.0

52.5

55.0

57.5

60.0

62.5

65.0

C
on

ce
nt

ra
ti

on
 (

at
om

ic
 %

 )

Depth (1015 ats /cm2)  
 ���7: >)
*�  ����� �� �7
F 45���� �G*H&<�  	�  

  

4 .�,!��  ��!�  

�8&�&�/� �#
�)��� 16O(α, α)16O     _K�/
� � ���K���� 0��K6

 �F�Gt��! (E�8)� �J@�� 0
����
5 ���6� 0
�8)� 0. �#�  �K]

    ��K)�� ��?�K&O /� "'�,7K�� �6 (E�8)� `��� P�� �7K8J 0�   �K6

�6A$�� (����'� [�G   �K	 ��K�7a� �' �� 0�7%�6 0��?�&O  '��bK# �

6 P�� B���   K&O �' r
Kqa�?      D4K� /� "'�,7K�� �K6 01�K&� �K�

C4F	�N�U ��   @K5' 0���' �K&����! ��F	 �' K8   �#
K�)��� �K6 �

�8&�&�/� 16O(α, α)16O @8�& .  

  

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

  
  

  

46                                          ���� �	�
�� 
�
��� 	����� ����
�� �	������ ���
��� ��  �
�� 	�!"�                        ���# �!$�%   &���'1  

5 .���BCD
ED  

 � V
�G "�*%J�E� l��#�
&�� "�*%��	/O V�7s	 @���� /�  

�! (
�78J 0�tJ��! @+� �  c���+�� /� "'�,7�� (�$	� ('�)

t����*��f� ���86 �%J�E� ��) B�� V��&� 0��6 "�*%��	/O.  

  

6 .GH���  
[1] G.L.N. Reddy, P. Rao, J.V. Ramana, S. 

Vikramkumar, V.S. Raju, S. Kumar, J. "Depth 
profiling of oxygen in oxide films by 18O(p, α)15N 
nuclear reaction analysis" J Radioanal Nucl Chem., 
vol . 294, 2012, pp. 401–404. 

[2] S. Nsengiyumvat, J.P. Riviere, A.T. Raji., "Oxygen 
depth profiling in Kr+-implanted polycrystalline 
alpha titanium by means of 16O(α, α)16O resonance 
scattering" Journal of Nuclear Materials, vol. 414, 
2011, pp. 150–155 

[3] Y. Wang, M. Nastasi, (eds.), Handbook of Modern 
Ion Beam Materials Analysis, Second ed., Materials 
Research Society, 2009. 

[4] H.R. Verma, Atomic and Nuclear Analytical 
Methods, Springer, 2007. 

 [5] W.-K. Chu, J. W. Mayer, M.-A. Nicolet.,   
Backscattering Spectrometry, Academic Press INC, 
1978. 

[6] J.C. Jiang , H.S. Cheng , B. Li , Z.H. Wang , Z.Q. 
Zhang , F.S. Zhang , F.J. Yang. "Quantitative 

analysis of the oxygen content in TiO2 films 
deposited by electron-beam evaporation using 16O(α, 
α)16O resonant elastic scattering".Nucl. Instr. and 
Meth. Phys. Res. B, vol. 190, 2002, pp.514-517. 

[7]  H. Krzyzanowska, A.P. Kobzev ,J. Zuk. "Hydrogen 
and oxygen concentration analysis of porous silicon" 
Journal of Non-Crystalline, vol. 354, 2008, 4367–
4374. 

[8] M. Mayer, SIMNRA user's guide, Report IPP9/113, 
Max-Institut fur Plasmaphysik, Garching, Germany, 
1997. 

[9] J. Demarche, G. Terwagne, "Precise measurement of 
the differential cross section from the 16O(α, α)16O  
elastic reaction at165◦ and 170◦ between 2.4 and 6.00 
MeV" Appl. Phys., vol 100, 2006, pp. 124909. 

[10] M. Kakkoris, P. Misaelides, S. Kossaonides, Nucl. 
Instr. and Meth. Phys. Res. B, vol. 249, 2006, pp.77-
82. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

www.sid.ir

