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A pilot study for establishing a nanotechnology 
 national center of excellence in the Arab world 

 

   Abstract : 

    On the basis of the Arab initiative for adapting 

nanosciences and technologies and converging 

technologies initiated by the Arab Industrial 

Development, and Mining Organization (AIDMO), we 

put within Arab States’ reach "a pilot study for the 

creation of a model national center for nanotechnology 

in Arab countries" in priority sector such as: energy, 

water, environment, agriculture, food, health, 

nanomedicine, manufacturing, electronics and 

nanomaterials.  

    The main purpose of this study is to clearly 

contribute to the introduction of this important 

technology to Arab countries that do not have such 

centers or those willing to upgrade their existing ones, 

and make it available to Arab researchers and 

specialists in an effort to raise awareness of 

nanosciences and technologies and attract modern 

technologies to the Arab region.  

    In this connection, the study comprises three areas 

that review corresponding models at the Arab and 

international levels, sheds the light on the most 

significant required academic and scientific disciplines, 

and puts forward the executive plan for the creation of 

an academic nanotechnology center. 

    The first chapter broaches over a survey of some 

academic and corresponding institutes and centers in 

Arab and foreign countries, to get acquainted of the 

cutting-edge ideas. It also focuses on the structure, 

objectives, infrastructure and creation philosophy of 

these centers, along with human and technical 

capacities and their most important scientific and 

academic outputs. 

 

 

Furthermore, this chapter offers an outline of these 

centers’ role in the development of nanotechnology 

in some Arab countries which figure prominently in 

the field of nanosciences and technologies, and in 

USA and China (nanotechnology leaders), since the 

large number of these centers and disciplines 

unlocked the gates for these countries to be on the 

top of the list in terms of scientific publications and 

granted patents, as shown in the pertinent tables. 

 

   The second chapter underlines the proposed 

academic, scientific and research disciplines that 

could be included in these centers according to the 

requirements of countries willing to establish such. 

 

   In this vein, it was suggested that the academic 

disciplines should be in three main areas: 

nanosciences, nanoengineering and nanomedicine in 

which the proposed center / institute can specialize in 

one or all disciplines as per the available domains. 

This is done in order to better qualify the targeted 

cadres in Arab countries that own a well-devised 

infrastructure and competent staff and able to 

accommodate researchers operating in scientific 

laboratories.   
 

   Thus, each country can select one or more 

laboratories within its scientific and economic areas 

of interest, noting that five laboratories have been 

proposed in the areas of nanomaterials development 

for water desalination and treatment, nanotechnology 

development for energy generation and storage, 

nanofertilizers development and packaging materials, 

nanomedicine, and nanomaterials manufacturing as 

well. 
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The third chapter examines the details of the 

executive plan for the creation of a National Center for 

Nanotechnology in Arab countries where such centers 

do not exist, or with the aim to renew their existing 

centers’ plans. 

In this context, the detailed executive plan proposes 

the creation of an academic research center where 

master and PhD students can obtain their degrees on 

the one hand, and where the workforce can carry out 

research and technological tasks on the other hand. On 

this basis, this center will contribute to the 

development   of staff with a solid academic and  

technological background, and take part in scientific 

and technological activities through the inauguration 

of modern scientific laboratories (as mentioned in 

chapter 2) that will strengthen a country position in 

nanotechnology field via the publication of 

researches in international scientific journals and 

patents for potential products that attract 

entrepreneurs being funded to set up nanotechnology 

companies as the overarching objective of this work.  

  

   In the end, the study focuses on the most important 

outputs and some useful recommendations. 
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  الفصل الأول

 عن بعض المعاهد  عامةدراسة مسحية 

 المناظرة على  الأكاديمية والمراكز

  الصعيدين العربي والعالمي
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)12 ( %$�!� Y� �.��	� ��!��)16 ( D�� �g82016 . �U#S

������ �0-"!� �7�, ��!�� �2���� %$�!� �#�*���� �

 D�� 1 6����ء�: �789� �12019 �@�   s���Y ��ـ�7

������� ����� 'J�?� '-���, .   ��7 ـ�# Rـr ـ���   �dـ&

 ������� �� ����� �� ���7Q� �d?.!� R&S :��3ـ� 


$��#"�ـ� �!��Q7ـ� 1   �� ��M�?��  ـ���� ��ـ��� ���

R����� ��� ��� 1 =�d$� � :�� 	, ��@� 1*.� � h

��$% �S&ـ��`>�  !� Vd& ��-0�& ( %�$�7�� R7# F�5

�`-��� a�).G>� ���? �� ����7�7 ��7' ,�7*#>ـ� �ـ�   

ــ�      ــ�: ���-"� /�Q!� Rــ &S� ــ� � `� �#�ــ ــ���: �( J

�<� ��"#��$
�� .����� :������ �	��� � "J �	�  ��

%$��!� Vd& :���3!��  ( � & %$�. Z*���<U�� 

 9 P75~� & _*0# 0,���  Vd<� Y/�. Z*�� ���� ��^

=�d� �/���� � � �	����� :������� .   � ـN��Jـ� ���7

��>� �!-= �?���-ـ< �7	 �ـ� �� ـ�.* �@���ـ� �!-ـ=      

��!"-0ـ� ������ـ� ���ـ�*�#�    (NANO-KAIN )��ـ�* 

  �"QــN ــ� ــ�: ,	 � �.�0�G �c ــ�<�!� �dــ& _S F�5ــ 

R7<#�  �1 �@ـ� �#*+7��� H*�?��� ��
� D�	!� 1 

*.� �� ��/*�* 0,. 

 ����@� *.� �� ��/*�* 0,� D*-� �<�� s��� � "J Rr
ــ�     ــ* ��> ــ� �& ������ �ــ ــ� �� #�*<"@� Cــ� )�� �ــ �$

"#��$S' 'M��       :�0.�ـ��G ـ��� Yـ"@# �fـ) �� F#5ـ�
      pgـO |#�H*�?-� �"QN ���7+ـ*#� �ـ� .��5ـ� �,Qـ
 D*ـــ4 ��-ـــO :91 �@ـــ� V��*7$ـــ���� ��!�/�ـــ�7

 }��$ـ% U#Sـً� ,+�J ـ� !  . �& ��� �� �.* �� .�8S ��5ـ 
Fــ �?�� 1 ��ــ ــ= �!�0 �.��70�G *.ــ� ــ�  ���  �/*�* 0,

���@">*�#� ��7*.�ـ��   ���	+4 ��07 *�*/' ��*��
  F07 *�*/�ــ� �5ــ��� D*ــ-�-� b��� 1 ــ* #7*�/ــ�&�
  hــ���	ــ= �!7�.��70�G��0�!� �2ــ�$�: G.7ــ�S l/>ــ%

 s��� � "J =�c ����    '/*�* 0,*.ـ� �� H*ـ% ��ـ$��
�@">*�#ـ�   ��!*�� �!7	��� ���@���ـ� ��07 *�*/�ـ�  

  ��1 ��� *�: �
�8ـ ��?$ �0)� z��	, '7�� I�����
�5 ���$ـ%  . 	 ��: �� �.*1 �@�� ,S s���7�� R, �J�

���ـ� �!�7ـ�� �&ـ*    ��� :����K� ���� 1 *.� ��  %ـ$��
�J��)�� ����@� *.� ��� ���	7!� ��*!� H*��  bd���

��ء ��?�ـ*H ���7+ـ*#� �,	ـ�#Q�� Rـ���:     /G ( %$�#
�g8 �� �#��)7�K� ��S �� ����Q7!�� �.��7�K �ء 

� & ـ�~  . ��&ـ� �!��Q7ـ�  ��@���� 1 ��0-��: ��!
 =�d$� *.� �� ��/*�* 0,� ��*� H*�� �<�� ���3!�

  F6 ���?�ـ���K�� ���	7!� D*-�-� ����L!� 'ـ"-��� 
�0-"!�� ����L!�      %ـ$��,�7?ـ� �!>"ـ� �����aـ�� �-"

   H*ـ�?�� Yـ`�� R�"�, '& *.� �� :�� 	, :9�@� 1
 �	. R��� *.� �� :�� 	, :�	�?+, ��@� 1 �#*+7���
     1 I*07 *�*/�� �-�ـ ��� �7-?�ـ� ���75/ـ�: ���ـ��

 %$�!� �"�#� h��@!� :��a*U��� :�.*,*��� ��@� 1
ــ��� ��	�"ــ� �!Uــ�`� �-"ــ*���   #v� *.ــ�: �� ــ�?$��7��

p�L!� 1 ����?+��.  
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G_ ��"� ,�ـ �Y �� ـ�.* #ـ*`� ) ��(ـ�$�: .�	ـ�:      

 :���!� H�5S �.��e"J�O �`*#� �<� �e�Q���ً ـ � 	,�ً 

� ���Qً� �-�"ـ� �ـY ��(ـ�$�: 1 �9#ـ�     ��<!� '���

� �-��.�� �/"�S Y.��ء �����R �#(��~ �ـ� #	ـ�p �ـ�    

���a �@"*�ـ� ���Mـ� 1 ���-ـ*D ���> ��ـ� ����ـ�      

 b*.7*{ �� ـ��!� ( ��rf7�� . �Nanofab  :���S �#ـ*`

ــ� ��Q7�    ــ����� �� ��ــ ?8 b�c ــ�� � 	, ����ــ* ��

��#?ً� ����ــً� #ــ��"*_ ��?ــ���M5 1 �!@ــ�9: ��7ــ' ,ــ

����@��� {#��7�� �W�& ء�U�S �*J {0�,.  

U#Sــً� & ــ�~ �ــ� /">*�#ــ� ���ــ�� ��(ــ�?�� �!�$ــ%  

��*D*-�� ' O �,0 *�*/�� �� ـ�.* ���ـ�f, bdـ} 1    

 �?"�#�2003 ��"#��$
� �� �$ >���f, 1 ~��2� h

D*ـــ� �� �-�-ـــ���(CAS)  ��3ـــ�"$ R�7-ـــ��� ���v��

  D*-ـ� �' 1 �@�	7+?���� '���
� F�?-� ���0�

�� �.* ����e�8 h��/*�* 07 ,-ـ= ��7ـ' �>ـ� ,+?�	ـ�:     

�$ــ% ,�ــ2G zــ��Z . ��7"-ــ� �>"ــ�!� ��Lــ), R7ــ#�

�$ـ%    �@-} � n?ـ�# _S Pـ�G Zـ�<#� ����K��ً   Hـ�����

) ��P�G �`�NK�� h'!�� }*7 � �� ,0 *�*/�ـ�  

, %$��� ����   h�ـ�@!� �d4 �!*�&4 ��(��� 1 &ـ#��

ــ���'      ــ��#"' �� $
ــ��� � ?7-� Rــ <� �ــ ــ� $@� "����

_���7���. 

U#Sــً� ���7�Nــ � ��ــ� ��7@ــ��p ����!�ــ� 1 �@ــ�� 

 �#9� ����@� *.� �� D*-� %$�� �M� *.� -� %$��G.(�ء �

 ��.��-� �-�"N   ـ��� <��� D*ـ-�-� ��M�?�� %$��!� 

MRSEC -  :�0ـ� �&ـ* #�"ـ�      ���*9#ـ�#��
� ��!�7ـ�

   �, ���-` �"N	���M�� :��*"@� P�G ��"ـ� ,�L7ـ

. ?O	O*�� :�#*���� �ً �� 1 �@ـ�� �� ـ�.*,0 *�*/'  

     ����K� 4ــ ــ� �� ــ� �-"�> #d�� 7�� ــ� ــ�0 ��-@  ),�

     Yـ��
� ��a�� �0)� �e�*7, '7��� '��aـR �ـJ Yـ����

�����a �&ـ' $��7ـ��'  �� ��M�?�� :��*"@� :  _��7ـ���


$ــ� ��Lــ>�� ,(ــ�, h��� ــ��� Y�7ــ��_ �ــ�� h'"#��

��	�?+7�� H���
� ������ �#%$��& ـ�~  . �!���� �!

�$ــ% ���-@ ــ�  !� ��@-ــ} 7�G(ــ��b # �ــw �ــY �ــ�#

  D*ــ	7 *�ــ� �,!� Dــ� �!>ــ� @� =�dــ� �$ــ#d�� 7��

���w�� 7 �ـ�v Yـgء ��0-�ـ�: �
8ـ�{ �Mـ� ��> ��ـ�       

ــ��_   �!� D*ــ -�� s�
ــ� � �-$� D*ــ ــ� ��!. ����- ���

 '7�� ����!� �� ��*"@� �� _*07, %$�!�� �#%$�!�

,�7ــ*S ( b/>ــ%� ��7ــ��� ����Q7ــ�: �	�ــ�[     

ــ�     ــ� ���0>���ـ ــ� ��!*�`*�*/�ـ ــ*�\ ��7�$�?�ـ ��Qـ

��0�.�0 �������#ـ� ���Uـ*U�,� ��aـ�� ���� ـ�:     �!��

ــ�:   ــ�D ����"-�ـ ــ�d= ��	�ـ ــ� �$ـ ــ� ���@�`ـ ���a��"�0ـ

���*����� ./�� b%$�!� Y"@7�� �d&  ��*<ـ� T�,S �%<

  =�dــ� �$ــ���@��� ��M5ــ�?�� Y>ــ� �ــ� /"�ــ� �ـ*e*��

���JG ��.�0�G ��� �"� �����: ,��#?�� ��!(ـ��$�  

. 1	� ��Q?ـ��: ��� �ـ� ��7ـ' ,�ـ��� ) , "�ـ�      

��-7Q!� :���Q7�� ��� :��*-�!� ���?,. 
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1.1.  ��ــــ�23* 4�5 ــ,0 *�*/�� �� �. 1 ������� �-��� ��ـ�ـ-ـ"ـ',+*� �� ( 

ISI Thomson-Reuters            ���� 9� :ء�����5* "!� ��0#��
� 6��78 

 

 ���/ ��?#)1-1(  ��"-��� H���
� �). �*+,������� ���-� 1  *.� �� ��/*�* 0, ��@�

�23� 4�5 ISI Thomson-Reuters      ���0ـ� �!" *5ـ� �-ـ�#��
� 6����ء�: �78Kـ� ��� =�d$�

 �������1 *.� �� ��@� .�<B,ُ       �#�*ـ� ���ـ����.(ـ�  �@ـ��   �1
�Jـ�D ,�ـ*I �!"-0ـ� ���

 *.� �� H���S %$�!� �7�,�)11(  %$�!� Y� �.��	� ��!��)16(   Dـ���� �g82016h #S   ـً� ,�7ـ�U

�� �0-"!�#�*���� ����� %$�!� ����M��   �ً6    ��1!�ـ�� .�2020ـ�D   1 �@ـ�� �ـ��ء�: �78Kـ

,f,�' ��� �#�*<"/������� 1  %$�!��)� ]�����  z.�$ �J� �ً�!��1    {ـ��Q�� %ـ$�!�

 D�� _��)����2016  ,fـ%   1 '��0 >� ,ـ$��ـ�� �ـ��ء�:    ��1!�ـً�   ��Qـ��} ��
���ـ*_  �!

� 6��78K� D�� �g8 �5* "!� ��0#��
2020 . nN�� �0)� I����� �#�*<"/ z��	,1  ��@�

�7� *.� �� H���S7       %ـ$����ً� ������rgM��� Yـ*_ ��!�ـً� �Jـ� $�.ـz ,�7ـ� �!� F��M�� %$�!� �

 _*�"Q��� �5�*��1  D��2016h  �" ��R� S �@�,b  D�J�S1 6��78K� :ء���� ��@� . �&����

,f,'     ـ� ��7*.�ـ��#�*<"@��� ����� �!�7ـ���� :����K� ���� �� �$   ـ�#�a�%@�� ـ�#�*<"@���

��?�)�� ��O��	"#���  �� %$��!� S*?77�41-42-44  ��*1 ') ��7ـ    ��-"ـ'  ���@ـ�� �� (ـ

,f7� :����K� I*�7, �" ��' 1  %$�!���rgM�� 1 6��78K� :ء�����c ��� P��*7#ـ=  . �@�� �

���ـ�  ��� �4 �����,��!"-0ـ� �
��.�ـ�   �ـ�� �
��ـ�M� Hـ�     1 ً�,(ـ>� ."ـ*ً� ��Nـ�    ��7ـ' ,

��"2�<�� 4@# �� *&� ����
� F�5 �� ��M�?�� �<,�/�Q� n/�f7, }�8
� ����� ��� �" �� h


�?�p ����0 � ���ء� �`��! �ً�#�%7� �ً��"7&G P�*# _S    ـ�"��� Y`ـ�� =�c1    :ـ�� 	, �ـ�@�

�ً� ) ���� ��� *�: �!�Nـ�� �ـ�    ��7'�� �.* ��?$ �ًO*2 z�+J ����� 9ً�� ~� & _S �<B,

���| ��f,� �#*"7&�� ��0ـ*��� �!��Q7ـ� �G.(ـ�ء ���$ـ% �- ـ�.*      � F�51 ـ�   ـ�� $?� ـ� ��ـ

�� *&� H���
� %$��h �� "ـ� #@ـ4 ,*��ـ� ��ـ���     �.�0ـ} ) ��Sء &ـVd ��ـ���    ��@����: ��

 =-, �S ��Q !� �) �� :�c }�8
�'7��  �<B, 91  ����U� :��23!����� �d5  ����� Vd&

�<,��23� *" 7� �-?	!� :�* ��� �g8 nN�� �0)�.  
  

 ���/)1-2 ( *.� �� :�� 	,� D*-� ��@� P` P"-��� �) -� �ً�!�� ��� �)� (S �<B#

7.S P7�� ����� �&���7,� z@82455  D�� P` �ًM��2020  �� �M$S �M"# *&�40 %   l7ـ�.K� ـ��

0?�� ����� ����� `P &ـ�d �!@ـ�� ��*��ـ� �,-�>ـ�     �� D�"7&K� �<B#�� *&� H����� P!����

��Jf� ��0# � ��ـ*9#ـــ�:�
� ���7!� H���
� Vd& F-r �)26191 �ًM��( Rr hDــــ�	ــ��>  ,7 �  
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 ��#�� :�*+Q�)18281 �ًM�� ( Y����� %$�!� P` _��#G P,f, �&����)12086 �ًM�� ( %$�!� P`�

_������� ��.�!S Rr ���* @�� �#�*$ {��Q�� ��.�`� ������ ���7!� �0-"!�� . X� �7�� �d&

 *.� �� :�� 	,� D*-� ��@� P` P"-��� �) ��� }�?0�� ���� ��� ����� D�"7&G� ��+�� �$3#

� �^v�� ��� ����, Y�!���� X� �7�� �"J P` n?�7� _��#G� � <��� ����� �M'  ��� n#%,�

��@!� �d& P` }�?$ . 

��ء�: � �). ��@� P`h6��78K�  :ء���� ���� ��
� %$�!� �7�, ���7!� :�#9*�� _S �@.

 �?� � 6��78K�51 % P,f,� *.� �� ��/*�* 0,� D*-� ��@� P` �5* "!� 6��78K� :ء���� ��

1 ���* @�� �#�*$ .�M�� %$�!�'  _��#G� � <�� �� �$ �8f77� F��M�� %$�!� P` ������

 Y��7��� �)� Y����� �#%$�"-��)�. �,$�!� _������ �7]����� %$�!� ��.�!S� Y����� %  �"�

 *&� ��07�K� �`�	M� }�?0�� ���� ��� ����� D�"7&G {0�#bd�� �3#b  :�@7 � P�G ��2�?�

 �"�J �<� ��J*�h�#���7JG  ���� {��Q�� %$�!� P` _�*#�, �M� ���� �/�*7, F�5513 

 ���ء�h6��78G 1 �#�)��� %$�!� �L), �" �� �"-��� �) �'  |,�* � ������ D�"7&G �$3# �"�

��@, ����� :�c �#���7JG R�	$ *.� �� :�� 	,� D*-�b  ��0-!� I*	�� 9ً�S R7<, =�d�

 �#�"5� �#�0�����07�K�.  
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 ���/)1-1(  : P"-��� �) �� �*+,������� ���-�  �23� 4�5 *.� �� ��/*�* 0, P`ISI Thomson-Reuters  ��0#��
� 6��78K� :ء���� ����

�5* "!�)1( 

��-�� ������  

  

P!���� 4�,�7��  

 �?"�#�2020  

  

2015  
  

2016  2017  2018  2019  
�?"�#�  

2020  

6��78K� :ء���� /

 P!���� 4�,�7��

2020 USPTO  

1 �#�*���� ������� �0-"!�  11  2425  2760  2943  3232  3848  5531  168/8 

2  ������� ��� �#�*<"/  16  1419  1645  1938  2365  2993  4153  2/45  

3  I����� �#�*<"/  37  191  306  428  525  834  1035   --  

4  ���7!� ������� :����K� ����  41  185  220  299  395  541  668  5/37  

5   �#�*<"@�� �#�a�%@��  ��O��	"#���

��?�)��  

43  282  329  405  427  527  644   --  

6  ���.*7�� �#�*<"@��  44  395  472  514  500  516  627   --  

7  ����L!� �0-"!�  45  157  213  242  286  367  472  1/49  

8  �+J ����  53  208  333  330  279  295  439  1/50  

9  ��"2�<�� ��.��
� �0-"!�  60  106  110  140  162  208  311   --  

10  z#*0�� ����  65  43  58  79  129  210  180   --  

11  ��.� ?-�� �#�*<"@��  66  81  105  79  93  138  179   --  

12  _�"� � +-�  67  59  91  91  113  174  174   --  

13  �� "��� �#�*<"@��  73  17  24  45  25  77  116   --  

14  �#��?�� �0-"�  78  35  53  48  63  71  74   --  

15  �#�*��� ������� �#�*<"@��  90  17  23  28  13  28  43   --  
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 ���/)1-2 :(     �� ���-"�� ��?� P� �����7!� R	�P` =�c� �W2� �� :����7JK�� D ,0 *�*/�ـ� �� ـ�.* �5ـ4 �23ـ) �� �*+, ISI Thomson-Reuters    :ء�����ـ�� �ـ

�5* "!� ��0#��
� 6��78K� )2(  

��-��  ������  
P!���� 4�,�7��  

 �?"�#�2020  
2015  2016  2017  2018  2019  

�?"�#�  

 2020  

6��78K� :ء���� /

 P!���� 4�,�7��

2020 USPTO  

1 �����  1  46732  51017  58911  67869  78524  82455  736/3 

2  ��0#��
� ���7!� :�#9*��  2  23621  24981  25723  26013  25741  26191  4931/1  

3  � <��  3  10908  12557  13710  15022  16430  18281  42/17  

4  _��#G  4  6989  8566  9541  10252  11220  12086  37/19  

5   ���* @�� �#�*$  5  8798  9191  9209  9814  9958  10271  941/2  

6  ��.�!S  6  8114  8754  8907  8888  9025  9428  310/6  

7  _������  7  7396  7720  7798  7795  7942  8434  661/4  

8  ���7!� �0-"!�  8  4733  5647  5854  6021  6062  6612  154/9  

9  �����  9  4704  5192  5456  6072  6264  6444  7/34  

10  ��.�`  10  5594  5896  6046  5716  5844  6291  214/7  
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 (NANO-KAIN)� �ـ�*  �!-ـ=  �@���ـ�  �� ـ�.*  �7	 �� <�?� ��- �!-= ��>� .2.1

�#�*���� ������� �0-"!�)3( 

 
  �#t� �M"7, �<�!� 1  %�"7�� >,�	�?+,� *.� �� �� 	, H���S 1 ���#���� h ـ�"$  _S

��ء  &'�!�>�  �����/G� ��O*,� �#*+, *.� �� �� 	, :�	�?+, 1 H*�?�� ����G �g8 ��

     Y7"��ـ� �����-ـ� �ـ@!� �$���7Q-ـS X/>ـ%�   �,���Q7!� ��"-��� ���*0�� ��&f �� �ء ��(ـ

S&ـR ��7@>�ـ%�: ���-"�ـ�    � ��Qـ��/' ��(ـ�0  :  )1-1(�#?ـ�� 2ـ�0    ������ ���	+ـ�Q�� 6ـ�\  

�<�"-�.  

 �M"7,�S  ـ�� 	1 , '"-��� F�?�� R�B ,� Y�@),� %�"7�� :9�@� 1 �<�!� Z��&

 ����7!� *.� ��  D*ـ-�� '"-��� '�*�� �� ـ�ء 2ـ��$�: ��ـ7��,�@�� 1    � &ـVd ��7	 �ـ�  �.(

 �&�#*+,� �<	�?+, :9�@��9�� s*< ��   Hـ���S :ـ�/�Q� �g8 �� ' O*�� 1��!� ���7J

��	�?+7�� *.� ��.  
 

1.2.1. "�B 7�� �0�<��' �<�"-�  
  

 �02 ��?#)1-2 ("�B 7�� �0�<��'  �<�"-��bd�� #ُ      ـ��� o��B>ـ� �*Nـ*T ���ـ� ��ـ

�9: �-"�>ـ� �-?�ـF   �$ ـ )h)3 �5ـF ,ـG R.(ـ�ء    �"��� �!�>� ��7Q!� :��5*��� :����K-�ـ� 
3)-�� �#*+7�����)7�K� {-@!� ~� &� :�?��+�� 6�`� �� ��� _�b  �$��)�� ��5�� �<�"-�

�$��ـ� �!�>ـ� �-?�ـF ���7+ـ*#�      .�ـ� ���Kـ��Q7�� :���Q���  Dgـ�� ��5ـ�� ���Jgـ�: ����   
���3�� � ��5�� H���
�� Y#��)!� ��5� ��9 p�+	7�   07ـ���K� �. �32�_ ��?ـ���M5 ��5ـ�

 �<�!� ���$�_�3)-�  �� ������3��  ��5�� ��*@��� �#*+7�� ��!7Q?ـ��:   2ـ�5� �� _�3
�5����g��� ��5�� [�Q7!� 4#��7�� �.  

  

  #ُ �0�<�� �<B'"�B 7�� �"-�     Pـ��
h �5ـF 9#"ـ S �<   n.ـ< ��>ـ� ��Mـ' �����/ـ� �
��"-� :�/�� ��"#��$S 1   ـ�".G� *.ـ� �� :�� 	, ��@�   D*ـ	1#     H*ء ��?�ـ��/qـ�[ �ـ�
�

 ��#07ـ*_ �!�>ـ� �ـ� 8"ـ} �@"*�ـ�: ���Mـ�        .�@�� �-*D �,	 �ـ�: �� ـ�.*   7���1+*#
 ����a�1 �� :9�@�9�� ��*!�� �J�+��� V��!� �@���������� 4+��� :9��,h  �J�S :���

 D�� d � �*<@�� Vd&2007  �+).
 b 1/�-ـz �-"�>ـ� �NـY �#ـ��     ��7ـ' �� ����#� �� �
�M� �	+ !�� �#�*���� ������� �0-"!�:  

• ��"-��� �%</
� H�5f� :��?7Q� %�<@,. 

•  ��-7Q� �#*�5 :9�@� 1 �-��` ��M�� :��*"@� {��f,) �@���� h�J�+��
��?+�� :�	�?+7�� hV��!�(. 

•  v�@.G��7� 'M�� _���, �J*��� ��!�� �&���� :����/ Y�. 
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•  �"��� ��� �� �#���� R�B ,��"-��� :��� ��� ���Q7!�. 

•  R#�	,      :ـ�	7+?��� :�c :ـ�: ���� ـ�W� 7�9(���: ���-"�ـ� �,�-�ـ�� �� �#����

ــ*�'      ــ' ! � "-��� Fــ ــ7*{ ��?� �� Yــ `�ــً� � ــ� ��8 �-7Q!�   =ــ ــ� �!- ���/

�*�� ��-7Q!� �#�*���� :����@�� '�*� ��. 

e��78ــ' ,	 �ــ�: �� ــ�.* �7	ــ�#R ����#ــ� �ــ� G-��#ــ� �ــ� ��!�>ــ�  ���U7ــ�` •
 :��N��!��� *.� �� ��/*�* 0, :�	�?+, X-7Q�. 

• Y�@),  �<�!��    ]ـ� �!ـ���?-O ���7Q-ـX 2ـ��na �!@7"ـY �ـ�      ���0-�ـ�: %#ـ��

 .�S X-7Q.��ء �!"-�0
 

2.2.1. ���-"�!� :�%�<@7� 

   

� ��J	� ����Q7ـ� 1 �@ـ�� ,	 �ـ� �� ـ�.*      %</S �<� :��?7Q"� �<�!� %�<@, R,

 Vd& v��S ���:��?7Q!�: 

 :��?7Q!��#%$�!�: 

•  �&�@!� �?7Q���.��70�K� :b*7�,�   �70��.�� �!>"� 1 ���7ـ*#�K� �&�@!� (
� 1 �!�>ـ�  ��,�7ـ*b ��*5ـ�� ,��#ـ�ً�    . ���U�!� *.� �� ��*! '�+��� ��-�7ـ

ــ' �!  .��70�K� �ــ <@!� ( nــ ��Scanning Electron Microscope  �ــ <@!��

 '.��70�K�c�� ��Transmission Electron Microscope ,�    '.*ـ#
	 �ـ� �2Kـ��6 �

 %$�!�Focused Ion Beam System. 

• �?7Q� �a���<0��� ��a� ?��� ��a*U�� \�*Q�� ��-�,� :   ( ��b*7�# &ـ7Q!� �d?ـ
�#*.� �� ��*"-� ��a� ?��� ��a*U�� [a��Q�� ������ ��vg�� :�� 	7�� H�5S �M� : 

  9�Photoluminescence Spectrophotometer.?�ــ�U�� Hــ*a'/>ــ��J vــ�[  -

_���� Z��OS�Micro Raman Spectrometer. 

-  ]��J v�</Gء��"��� z�, ��2
� \��7�Fourier Transform Infrared (FTIR) 

Spcetrophotometer. 

- ��*"-� 'a*U�� c�� �� ]��J v�</UV- Visible Spectrophotometer .. 

- ��� �*���� v�</� ��X-Ray Diffractometer.. 

- ��a���<0�� :����	�� �%</S Electrical measurements instruments. 

•   �%�-��� 4���7�� v�</ �?7Q�'U? ��: bd�� *	#D    ـ #� ���"ـ� �Jـ�e waـ-?� .�.*�7

��-7Q� :�	�?+7�. 

• ��	 �� �`�L�� Cleanroom Facility:  �%</
� ��`*, P�G Z�<,�  ��vg�� :�� 	7���
 b�7����,�7ـ*b  . ��� ـ�.*�7�b �!7	ـ�W�� 1 Dـ� ,�ـ �Y .	�ـ�      �-Y� �7 �!ـ�0#
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          I*2ـ�� `ـ
�� zـ� �� vء ���ـ����_ �/>ـ�gـ+�� vـ� ���5ـً� ) />ـ��	 �� �`�L��

'a��"�0�� z� �� v�</� ��vg?��� D*��!� 'a��"�0�� 4���7�� v�</� ��@�� ?��. 

  

��M�?�� :��?7Q!�: 

•  �?7Q�0"��ء���: ��a��"�$ I�+� �#*.� �� ��*!� Y� �7�. 

• ��)^
� �#*+, �?7Q� :       [78?��&ـ� �`�ـ�� Vـ� �!�ـ��	ـ�� , )^S Y� �7ـ� D��	-�

 �#c�� �� �<�a��8��0�.�0�!��. 

•  �?7Q� ـ���")�� �#gQ��: �       ـ�[ $��ء,>ـ��J� ��L?ـ� ��("�ـ�� ���ـ#gQ�� Y� �7ـ

���	7!� �<�a��8�. 

• b*.� �� 4+�� �?7Q�:      1 ـ� ����*#ـ�<,���rf,� *.78?�� �ـ"�� �ـ*�� �� ـ��� Y� �7�

lg���� [�Q)7��.  

 
 �02)1-1 :( �0)��'/��Q��  ��"-��� :�%�<@7�� R&S��<�! =-!�  

-�� �?�> �� 	7� *.� �� ����@� =-!�  �*��-(NANO-KAIN) 0-"!�� �#�*���� �������
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 �02)1-2 :( �0�<��'"�B 7��  �<�!=-!� >-���?� �� 	7� *.� �� ����@� =-!� �*��- �#�*���� ������� �0-"!�  

Structure-Organizational-http://nano.ksu.edu.sa/ar/Arabic
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3.1 . C�)�� ��$ ����@� *.� �� ��/*�* 0,� D*-� �<��)4(– ������� ��� �#�*<"/  

  

�-ـ*�G1   Dـ��� �,f&�ـ� ��0ـ*��� ���-"�ـ� �!��Q7ـ�       �M"7,1 ��ـ��� �!�>ـ�     
  ( ��`ـ� ���-"�ـ�      ��,0 *�*/�� �� �.* ��	ـ����!� wـ�?+,� ���	ـ���   �7(ـ@�Y �07ـ�� �.(ـ

� ���`� 7��%#%�7� ���� �� 9� ��
����7Jb �*. ����,�� �������.  

    �<�!� �#t� �0)7, �" ��1  ���#���� %�"7��1 �<,�	�?+,� *.� �� �� 	, H���S. 

 �<�!� Z��&S �M"7,�1:  

•  D*-� ��@� 1 �#�)?�� ���*0�� ��&f,� ����G�*.� �� :�� 	,. 

•  ��"#��$S |���� �#*+,*.� �� :�� 	,� D*-�� �+?,�� ����@���.  

• >,�� 	,� *.� �� D*-�� '"-��� '�*�� �)..  

,(@�F�?�� R��� Y ���-"ـ' 1 �@ـ�9: �-ـ*D �,	 �ـ� �� ـ�.* �0-�ـ�: ��@���ـ�         •

��-7Q!�.  

• *.� �� �� 	, D*-� H���S 1 %�"7�� :9�@� %#%�,.  

• :���Q7�� ���7� �#*+7��� F�?�� �`�	r %#%�,.  

• ��S v�@.G�?+,� �����S H�7�� ����7� ��M�� I�` �?J �� ��	  :ـ���Q1   �ـ�@�

*.� �� '/*�* 0,.  

•  �� O*�� :���	�� 0 *�*/'�@�9: �� �.* �1 �ء,.  

•  �#*+,� w�?+, ��@� 1 ��!���� :����@��� �&��!� Y� ��@�,��7�� :�$��� �ء 2

*.� �� �� 	,.  

• /�Q� �g8 �� ' O*�� 1��!� ���7J9�� s*< ����	�?+7�� *.� �� H���S :�.  

• Y�@), ��� ��� 6�+J Y� _���7��     ���@ـ��   7�1+*#� ���ـ ���: �!�-�ـ� �!?07ـ

��"M7�K� �� � ����,� b���7J9� *" �� ���� ���#%� *.� �� :�� 	,.  

•  �<,��B � �.��	� �� O*�� :��� ��� ���`� , %#%�,1 R����� ء��.S. 

K� R, �J��<�� P ?� /*�* 0,� D*-� *.� �� �� F�57� �� _*07#�  w��*O.7>�ء �� 

��� "�� ���J    �5ـ� ��ـ���B. �`�^� {#��, :���J ����S�250      ����ـY ��5ـ�� ��0ـ� ��7ـ

G� :��.��70�38  �"��'M��  �L��� ��&� 7� ��#�@�� ��*!� �� ���?0�� :��"0�� l�7.G ��5��

�� '�� ��� D��Q7�b��@7��� �"$ �02 ��?# )1-3( �P ?"-� D���� �0)�    :�%7@>�ـ�� Rـ&S�
�M#���� ��"-���.  



  

 للنانو تكنولوجي في الدول العربية

   �D*-� 1 �,0 *�*/�� �� ـ�.* ���/�ـ�7
 xـ�) �� ��� Y"@# =�d� *&� 

��"#��$
� ��"-��� :�/����. 

 �<�! ��"-��� :�%�<@7�� R&S� '/��Q�� �0)�� *.� �� ��/*�* 0,� D*-�
������� ���  

rgr�  �����S �����'&: 

 pgO� R<#������ �<�!�� ��-����� ��M5�?�� �� _*0

      �S Cـ�)�� ��!7Q-�ـ� ��8ـ� /���ـ� $�ـ

��� l��8 ����� �&��� �� ��M5�� Y� '����� 'M�?�� _���7��.  

� ����Q)7] !ـ*�� �� ـ�.*   �U�7�� �%</S �/�*,

 �9Electronــ70ــ��.ــــ' ����(ـ��6  
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 ��*-�� �<�!� n "#� ��-��� :�������1    ��-*D �,0 *�*/�� �� ـ�.* ���/�ـ�7
 ���-��� V��*7$� �/��� *.� �� ��/*�* 0,�1  D*-��� xـ�) �� ��� Y"@# =�d� *&�

 n �� ���Q7!� ��"#��$
� ���*0�� ��&f,� 'M�?����"#��$
� ��"-��� :�/����

  

 : �<�! ��"-��� :�%�<@7�� R&S� '/��Q�� �0)��
��$ ����@�  C�)��-�#�*<"/ ������� ���

��7��$ D��JS �rgr �� ��M�?�� �<�!� D��JS _*07,�':  

*.� �� D*-� R�J. 

*.� �� ��� & R�J. 

*.� �� 4O R�J. 

 ��	�?+7�� ��M�?�� �+).
��ء �/G R7#�1 �g8 �� �<�!� rgr

 ��M�� :��*"@�����a�: 7, pgO� R<#������ �<�!�� ��-����� ��M5�?�� �� _*0
�<�!�� ��M�?�� :��5*��� ��-��� :�������.  

�!7Q-�ـ� ��8ـ� /���ـ� $�ـ� ��(ـ�S C�       ��0-�ـ�: ��M�?�� _���7' �ـY �ـ���M5 �ـ�    
�#��!� :����@���.  

��� l��8 ����� �&��� �� ��M5�� Y� '����� 'M�?�� _���7��

 ��-"�!� :�%�<@7�� R&S �M"7,�1    *.ـ*�� �� ـ�! [�Q)7��� ��U�7�� �%</S �/�*,

 ��M�?�� v�</ �M�DC-RF Sputtering �  vـ�</ ����(ـ���Q?7��   6ــ

Beam �v�</ �%�-��� �����.  
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   ��*-�� �<�!� n "#�
D*-�  ���-��� V��*7$� �/��� *.� �� ��/*�* 0,�

 n �� ���Q7!� ��"#��$
� ���*0�� ��&f,� 'M�?��

  

  

  

  

  

  

  

  

 �02)1-3(  :

  

��7��$ D��JS �rgr �� ��M�?�� �<�!� D��JS _*07,�

1. *.� �� D*-� R�J

2. *.� �� ��� & R�J

3. *.� �� 4O R�J

 ��	�?+7�� ��M�?�� �+).
��ء �/G R7#�

9�S :  ��M�� :��*"@�
�<�!�� ��M�?�� :��5*��� ��-��� :�������

��.�r:     ـ�� ��M5ـ�� Yـ� 'M�?�� _���7��
�#��!� :����@���

�M��r: ��� l��8 ����� �&��� �� ��M5�� Y� '����� 'M�?�� _���7��

 ��-"�!� :�%�<@7�� R&S �M"7,�

 ��M�?�� v�</ �M�

BeamEvaporation
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4.1. %$�� F�?�� 1 ��0�!� =�.��70�G *.� ���  '/*+4 ��07 *�ـ	0 *�*/�� ���, 

��*��- ���.*7�� �#�*<"@��)5( 

  
70��.�ــ=    �G��0�!� 1 Fــ% ��?�ــ$�� Dــ� �>ــ�M"7,   4+ــ	0 *�*/�ــ� ���,*.� ���

1 �e�8 ��*�� '/*�* 07�� :  
� ��?�p��7$�� '"-��� F ��07 *�*/��: �.(ـ�&� 1 ��ـ��_    •#*+, 1 �"&��!�

��/*�* 0,*.� ��� :��.��70�K�.  
• ���f, ����B	 ��"-��� ��/*�* 07��� D��	���  :ـ������ � ��`�� �#���� ـ 1 �7(ـ

�>e��78. 
• R#�	, ��?Q�� ��"-��� ��/*�* 07��� ( ��#*7�!� ' O*�� '������. 
• R�� �+).S �#*07�� F�?��� �%@ !� 1 ��OG :�0?2 :��"@�� F�� 1 �#���� 

�>e��78. 
� ���Gء •���J  0 *�*/�ـ�  �-"�ـ�,�  �70��.�ـ�: ����"ـ�   J+ـ�6  1 �7+ـ*��K� ( 

��<�gL7� 1 ��� ���. 
• �* 0, �"�J :�c ��� e �70��.�ـ�:   �/�� *�!��&"� 1 ,+*#�K� �1 �@ـ� ����

 ـ    ���5G ( Y�@)7ـ��H ���3ـ�:    /' *�@ـ��� e�8ـ� OG 1ـ�� ��	+ـ4 ��07 *�
��*��. 

• Y�@), �$��)�� 1 ��@�  ��70��.�ـ=  �!�0ـ�G  ��3ـ�:    ��� �.*,0 *�*/�ـ�!� Yـ�
      Fـ��' ���?�ــ��� R��3ـ�: ���7-ــ�� Yــ� =�dــ� �$ـe�Q�� �S ـ�: ���"*��ـ�) !��

'"-��� F�?-� ���*"��� :���3!��. 
1 ����� 2��$� ���Gء • _���� �>e��78 �<"���. 
• �"��� ( w�	�, o���� ����7��� ��� X-7Q� :�.*0�  �#*07ـ��  Fـ�  ���?�ـ	 ��� 

'/*�* 07�� l�7.K�� 4+	��� '/*�* 07�� ��*��. 
• �"&��!� 1 �#*0, ��M5�?�� ��Of,� �?-+�� 1 '7-5��  � ���ـ�V��*7$  �!�/�ـ�7

��� �&��� 1 ��OG |���� F�?�� '7�� �&%@ #. 
• R�B , :��&�B7�� ��"-��� ��/*�* 07��� :������� ��?#��7�� 1 �����# �>e��78. 
• D��	�� �0� ��"�
� ��"-��� ��/*�* 07��� }�8
� '7�� R7# >��-0, �<� 1  Iـ�+. 

>��<�. 
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 :�� � %$�!� =-7"#�1  ���Q7� ���*$� �	a���� ��/*�* 07��1  lc�" �� R�"�,
� ���� ���� �#*.� �� �"B.
�� =�.��70�G��0�!� :���?78 �"B.
�� ���B �� Z�L���

� "U!�. 

 �0)�� ��?#�)1-4 ( �<"&S ��� ��*�� '/*�* 07�� 4+	�� n�g� ��� %ـ$��  F1 ��?�ـ 

70��.�ــ=�G���/ــ�: ��?��Mــ� ���07 *�*/�ــ� �-	+ــh�  4 ��� �.*,0 *�*/�ــ� �!�0Q!� ــ���

%$��� ��*�� '/*�* 07�� F�?�� 1 =�.��70�G��0�!� ��/*�* 0,*.� ���.  

  
 �02)1-4 (07�� 4+	�� n�g� ��� %$��� ��*�� '/*�* F�?�� 1 =�.��70�G��0�!� 

��/*�* 0,*.� ���- �#�*<"@�� ���.*7��  
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 -,0 *�ـ*/' ��!ـ*�� �!7	��ـ� ���@���ـ� ��07 *�*/�ـ�      ��$% ��ـ*H �� ـ�.*   .5.1

I����� �#�*<"/)6( 

�#t���:  � �ً�-�� ���#��� w�	�,G       :9ـ' ���9ـ��6 ��07�9ـ�� 1 �@ـ�"-��� Fـً� 1 ��?�ـ�"�-J

���	7!� ��*!�� '/*�* 0,*.� ��. 

�������:  
•  ���	7!� ��*!�� '/*�* 0,*.� �� H*�� %$�� P��# P�G   |���$��#"�ـ�  S,ـ*`�� �ـ

K �%�"7� v�@.S '"-��� Y"7@!� ���Q� ��!�� ��#��"� ��"-� H���'"�-JK��. 

• ��� Y�@), � w8-ـ �g8 �� %�"7!� 'M�?�� �"      %7"�ـ�� Rـ��, ��Wـ� /��cـ� ����ـ%
    ��#ـ���� wـ�	ـ� ��7��	1 �@�9: �� �.*,0 *�*/' ��!*�� �!7 ��M5�?-� 6���9��

��!����. 

Z��&
�: 

• ��#��"� ��"-� H���S v�@.G ��!��. 

• ����� � .��7	�c ��M��� ���#��, �W�& p�+: $��ء

� �,?ـ��� ��Q?ـ��: ��7�9(ـ���: ���-"�ـ�        •�,	�#R ���8 �@7"��� `��-ـ� ���ـ7"

������ :���3� Y� ���� <���. 

•   |���h ��� ���"ـ�  ��hـ� ��ـ����: ����7#?�ـ�   �JGـ� 8ـg�   $��#"�ـ� �"�ـ%�   ����GS �ـ

:��",3!�� :��� ��. 

  %$�!� D�J �J�     ـ�: ���7 ـe��789� X7-ـQ"�� ـ�#��#��� Y#ـ��)!� H*�� �� �-"@� '
'/*�* 0,*.� �� :�e��78� z "U, ��a��59� :�� 	7��� ���	7!� ��*!�� ��?+��  :�� 	,�

 o� �� ����,v�L��� .F�5 %$�!� X-$   �$ـ�)!� �� ��*"@� �@���! ���Q7� ��M�� I�`
�#��#ـ� �!� �� Y#��)!� �OS w`� ��M�?��      ��v� 1 �� ��?�ـF ���7+ـ*#�� �*�ـ� �ـ� J?ـ� ��aـ

'"-��� F�?��� '����� R�-�7�� ��,�� :9�@!� �"), '7���: 

• ��a��59� '/*�* 0,*.� �� :�	�?+,. 

• �W�?��� ����� 1 '/*�* 0,*.� �� :�	�?+,. 

• v�L��� o� �� ��� e 1 '/*�* 0,*.� �� :�	�?+,. 

•  :�J�+�� 1 '/*�* 0,*.� �� :�	�?+,���@7!�. 

• _%Q�� :�#��+� 1 '/*�* 0,*.� �� :�	�?+,. 

• �#v�L�� :����7!� 1 '/*�* 0,*.� �� :�	�?+,. 
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�M� %$�!�� :��?7Q!� �� �#���� ~� &�: 

1. Z��O
� �?7Q�: 

#�
� ��*"@� �?7Q!� �d& RU� ����+�� �%</� ��*!� %�<@7� �e�Q�� �#��?���
^(ـ��  
� �#*.� ��- ( Z��7�<7�&�� �� �#��?��� ��a���<0�� �<�a��8'-# �"$: 

•  b�d�� \��7�9� v�</. 

��ء  •"��� z�, ��29� ��`��+�. 

•  I*` ��29� Z��+�  ��@�� ?��– ��a�!�. 

•  4<-�� Z��+�.  
  

2. �	�J��� ��)^
� �?7Q� ءg+���:  
 D*	#�      4ـ�$����ـ�4 �!ـ*�� ���7,� �^(ـ��  
�( �� �.*#ـ� �f.*��>ـ�  &7Q!� �d?ـ� �U�7ـ�

��J	ـ� ����*��ــw ��!ـ*  ��� K�� ��0����7��$?ــ�� �!��.�ــ� ���?*��"�#ــ� ����ـ�!�� ��aــ�). (
 �>ـ� ���ـ����Q7,>� ��> ��ـ��   ��+����a��"�$� ��a�#%�` ��-7Q� wa ��������: �!�7-	ـ�  

��"-���� . �#���� �"U7#��%</
� ���� �$ �< � l��. h: 

• 'a���<0�� D�?�� v�</. 

•   :�U? �� �%����	�� �	a����. 

• '	a�J� .,�`w ��>*�ء ��

• ���?!� �v�%<�� � N����. 

• '���( ��+gء ��?#��7��� (. 

• b������ ��Q?7�� ��*B � )'a�#%���� ��Q?7��� 4���7��(. 

• �%�-��� ���vK�� 4���7�� ��*B �. 

• b���"�0�� ��Q?��� 4���7�� ��*B �. 

• S������� ������� :�/�� _��`. 
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3. K� �#*.� �� :�� 	7�� �?7Q� ��a��5- ��?+��: 

#  
� Y���7ـ� �ـ��� �?7Q!� �d& D*	      ��.9ـ� 1 �!@ـ�9: ��+?�ـ� ����ـ��#��5ـ�ء �!@>
lg���� ���� !��  ��@: �� �.*#� ���> ��� �� �ـ��� 	ـ"� ����#ـ�   . ��@� ' ���7U7#�  ـ��

�%</
��� �$ �< � l��. h: 

• Dg<�� �#*�, D�B. Y� �.��� ����U� v�</. 

• �� '�g<�� '��<0�� _g5����#�* �� s�"5. 

• v�L�� ��`��$*7���$ v�</. 

•  '��+�� ]��	�. 

• '	a�J� .,�`w ��>*�ء ��

• ���?!� �v�%<�� � N����. 
 

4.  :����	�� �?7Q����	7!�: 
 

RU# 
� Y�"/ �?7Q!� �d&    � ��*ـ�[ �-"ـ�	ـ�� �����Q)7��� ـ����e*7�� �7��$�ـ4  />%��
 X-7Q"� �#*.� ��S� �<��02- ( Z��7S� �<��@5S� �<��02 �<?�$��,'-# �"$: 

• K� �<@!�n��!� '.��70�. 

• �� ���� ��2
� �*�5. 

• n��!� {@!� �<@�. 

• �#��?�� �&�@!�. 

• '?�?��� R@��� ��-�,. 

• �7#v �</ ]��	�. 

• ��O�LU.9� [�`. 

• ��,*��� I*��� :�/*!�� [����. 

• �$���� ��<@!�. 

• 
�� _���!� p*�� [�`� ���� ��2�. 

• ������ ����	� [�`. 

• T*+��� ����	� [�`. 

• R�� 7��� �	��� v�</. 

• ��g��� [�`. 

• Dg<�� �#*�, D�B. Y� �.��� ����U�. 

• '��<0�� _g5��� �� '�g<���#�* �� s�"5. 

• *7���$/v�L�� ��`��. 
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'/*�* 0,*.� ��  ���	7!���*!��

I����� �#�*<"/  
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]��	!�  '��+��. 

s��^9� ���7� �)�� [�`. 

�M�9� 'a�!� }*7�!� �#��,� �#c�� �� ]��J. 

� ��"-��� :���!�� �%</
� ���%$�" H*�� '/*�* 0,*.� ��
 ��/*�* 07�� ����@���– I����� �#�*<"/
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• ]��	!�

• s��^9� ���7� �)�� [�`

• �M�9� 'a�!� }*7�!� �#��,� �#c�� �� ]��J

 

 �02)1-5 :(� ��"-��� :���!�� �%</
� ���
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6.1 .�J��)�� ����@� *.� ��� ���	7!� ��*!� H*�� %$��–  ������� :����K� ����

���7!�)7(  

  

 %$�!� �d& �#t� �M"7,1  %�"7�� w�	�,1  H*�?�� ء��/G��@"�  ��&f, =�d$� ��*!�
 w#�O �� ���Q7!� ���*0�� R�-�,��gL7��  �*-5 ��@#K :��?Q�� Y"/� �5�7!� ���*!�

* 07�� :�#��7-�� ��	�!� ��/*1  ����,� ��*!� R�"�, ��@�����7�9� �<e�*8 �� .
 �����!� ( �"�, %$�!� ����� _S �"$1  ���8 ( ���	�� �<� ��#�/ ��*� �#*+,

,� ��M5�?��� ��� ���� �� O*�� o+Q�� w�	1  �</*!� H���
�1  �J�+�� :9�@�

������ ������ �W�?�����r�� ( �.  %$�0*_ �
&��K ������ Z.(�ء �!, =�d��'&:  

•  %#%�, :9�@��?��*���7� H�  :���Q7�� n?�7�1 -� ���-O*��*!� D.  
W�� 1ـ� ���Mـ� ,���.�ـ�     ً�� ��7ـ��#} ���+ـpg �!�7"�ـ�� �� ـ   /"�U�S Yء &�W ـ •

�#�L-�.  
��!> ���� ) ���@� 1 �����@��� ��-��� :������� }*7� �M, R-	�X ���-"�ء  •

Y��� I�+. ( ���!� ��*!�.  

• ��-7Q!� ��-�-�7�� :�� 	7�� 1 :��?7Q!� '� `� 1�)! ��?#��, \�` ��`*,.  
•     :��2��~ �!@g8 �� Y"7� ,	�R# ���8: �7�9(���: ���7ـ��#4 �-?-ـ�#�: ��7Q?ـG

 :9�$*��� '��)�� 4+���J�+�� 6�+J� X5�7!�� ��W�?��.  
• �ً��� �<��G �*e*�� ��-�!� :��� �-� �0"# 9 ��#�` :���J ���?7ـ��� ���+�Jـ�   . ,*`�

 :ge*!� V�?2S� �#��
��z "�9��  ء� ?�� ��*��h}�8
� � '7�� :��� ��� ��� '&

:���	�� Vd& �� ���7�, �J. 

• Y� �J��)�� ����@� 'M�?�� _���7�� �*</ %#%�,  ��#*7�!� ( %$��!�� :����@��
'"�-JK�� ' O*��. 

�"& ��7���a� ��7�M�� ��7�*"@� �g8 �� %$�!� �"�#�:  

1. �����*�� ��*!� ��*"@�: 

�$% &ـVd �!@"*�ـ�   ,�1        �r���S>ـ� ) ,Q-�ـe*,� wـ�X �!ـ*�� �� �.*#ـ� ��@�#ـ�
 �M"7, � ��� :�	�?+7�1       ( %ـ�$�7�� R77-�ـ� �#ـQ� ـ� ��ـ���� �J�+�� ���*,� �#%Q,

!�� ���")�� �#gQ��� �#���. a�` :��M0	ـ� ���ـ�� �g8#ـ� ��*Jـ*�    ��7+?�	�: ��("��� ���
U�Sــ�ء &ــVd �!@"*�ــ� �Q-��ــ�,>R ���-"�ــ� �!7 *�ــ� �ــ� & ��ــ�� �$�"���aــ�   �#7"�ــ%

 6���K� ( ��?$ �0)� R&����, ��a�#%�`�1 ��"�SR<.  
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2-  �/d". ��*"@� ��$�������	7!� ��*!�: 

    �'&  �0)7, ��*"@��c� ����@�� �d,��S ��b :�e��78K� '7��   D*-ـ���� w-�7,
���*����� F�5 h  :ـ�#�B � �	-�7!�� ��M0!� �������� ���	7!� ��*!� :�� 	, D�Q7�,

 ���	7!� �`�M0��  ـ��J*7!� :ـ�      ������ ���7 ?3 ���07 *�*/�ـ�#����� Z���-"ـ*�� � ـ� ��Bـ
� :�/���������� x*LU��� ���,�!� ������.  

  
 �02)1-6 :(� ��"-��� :���!�� �%</
� ���%$�"  ����@� *.� ��� ���	7!� ��*!� H*��

 �J��)��– ���7!� ������� :����K� ����  
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7.1. ��*� H*�� �<�� � *.ـ�     �,0 *�*/�� �� ـ���	7!� D*ـ� �-�-ـ���L!� ��3ـ�!�

� F�?��� 6���K��'"-��– ����L!� �0-"!�)8( 

 

 '"-��� F�?��� 6���K�� ���	7!� D*-�-� ����L!� ���3"-� �����
� �"<!� �M"7,
 D�� 1 �<r��5G R, '7��2007  ��@� 1 H*�?-� �"B "$ h� ���D*- ���07 *�@�� 1 ,+ـ*#

���ــ� L!� :�$���?�ــF ���-"ــ' �1 �ــ��ء�: �789���ــ�: ��@�#ــ��h �1 �@ــ�� ,%�#ــ� ��(ــ
�� �*-����� :������$ـ%       ��789� Yـ� �1 �!@ـ� :�$��S �"$ h�M#���� ��@�* 07.>ـ� ,�	ـ� 2ـ

 ��� X-7Q"� :����@��� '"-��� F�?��R����� .��?#  �0)��)1-7 (    ـ�: ���-"�ـ�/�Q!� Rـ&S
*.� �� ��/*�* 0, ��@� 1 %$�!� �� . ����a��� �"<!� �?7�,�%$�1 �@�9: ,	 �ـ�:   �-"ـ

� 1 �@ـ�� ,+?�	ـ�: ,	 �ـ�: �� ـ�.* �ـ��R .	ـ�       #*+7��� H*�?�� Y`�� R�"�, '& *.� ��
��07 *�*/�ــ� �-�ــ ��� �7-?�ــ� ���75/ــ�: ���ــ*I 1 �!@ــ��h �#�"ــ� �!�$ــ% 1 �@ــ��   

p�L!� 1 ����?+�� ���*"-� �`�U!� �"�	�� ���#v *.� �� :�?$��7�� :��a*U��� :�.*,*���. 
  

��M� %$��!� �� �#���� �<�!� :���Q, �"),:  

1. ��*!� ��� &� �.�7�: 
 %�$�7�� R7# F�5 (�       ـ�� �!ـ*�� ���7ـ���<.G :ـ����� I�78?�� ��7.� �!*�� ��>ـO Rـ

��7���� �&�"� ���#v� �<a��S'         �.ـ����� Xـ� ,0ـ����-	, �gـ ��� �ـ� 8ـ��� Yـ� R7# �"���`
 ����,��8���#v� �"ag!� ��*!� ��?7 �"�  �%</
� :�.*0! ������ =�c�1  �J�+�� :9�@�

��� �#�#���� =0���� � .� ���: ��g+��� 4-���� �#��"�0ء�!7@��
  

2. �#*.� �� :�?$��7!�: 
  Y� ــ� ����7ــJg� ــ�<� �#�"ــ� ) ,+ــ*#� �*Nــ*��: ���Mــ� ��Q, :�cــ�: ��7ــ��

?$��7"-� ���� ��� lc�" �� ����G� :��-"����!�� �#*.� �� :�  ـ�: ����*#ـ�?$���$ـ% )  . 7,�
 �b@�9: ���0"��ء ���Q, ��*�� �#*Uـ%#� ��+�Jـ� ��ـ*�� ����@ـ� �!�ـ�Q7��� V-�ـU��� wـ*       

*.� �� ��)���b 1    0�� :��� ـ�ء ����ـU���� :ـ������� ��� e    ��*ـ� ����ـ��9.�� ��ـ#��"�
 .��? �ء

  

3. :�#��?��� :�.*,*���: 
�$ـ% &ـ* �
�� �ـ� .*�ــ<     !� �d1&ـ G  ـ��	#�` bd07 *�*/�ــ�:    ��ـ�� �#�"ـ� ) ,+ـ*#

 ���	7!�1   �g8ـ �� :�.*,*���� :�#��`ـ� �G.(ـ�ء � �ـ�:      ��@�� ��?��!� w5ـ ~g7ـ�
+L7� :�.*,*��� �"B.S �#*+7� R-��� >��G �e*, �� �8� �� 	,'   D*�5 ����� �� ���-ـ���

  � ���?�vg*.ــ�:) ��gQ#ــ� ��("�ــ��(�
���ــ�� ���7+?�	�ــ� �Mــ� B.S"ــ� ��+�Jــ� �!7@ــ��
 ���� �.*#ـ�  �ـW#%/ D��Q7ـ�: ��ـ�@! �#*���� :�.*,*������ b   � 4&d� ����� �lg��� �M ���ـ

�&��^� �#*���� :��@!��. 
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!*�� �,0 *�*/�� �� �.* ��ـ�  

�#����� ��$��!�� �/d" �� w#�O.  
� ��!ـ*��  �,*a��8 �#��,� X�e] �!ـ*� 

��a��"�0�� ��a*U�� h��a��"�$��C�G h (.  
���a�#%���� I ����0"��ء ��-� �+.  

����� �`�U� �"�J� ���`� , ����f� �#*.� �� ��*!�� ��*!� �#*+,. 

 

 6���K�� ���	7!� D*-�-� ����L!� ���3!�� ��-"�!� :�%�<@7�� R&
 �*e
����L!� �0-"!�  
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 :�!*�� ��*�� ��? �ء
*+7��� H*�?�� :����)"� R7<#� >/*7�� :�c �#'J*���   0 *�*/�� �� �.* ��ـ�,� ��*!

�<� R7<#:  
�� �&����,� ��*!� [a��Q� 3? 7�� �#����� ��$��!�� �/d" �� w#�O

 Y� �, :��-"�� :�@7 � �#*+,h��,*a��8 �#��,� X�e] �!ـ*�  /�#�
 �#*.� ��)����O� L!� hh��a���<0�� <0����a��"�0�� ��a*U�� h��a��"�$��

��� �#*.� �� ��*!�� ��*!� X��*,� �-�� �0"��ء��� ��a�#%���� I�+
����� �`�U� �"�J� ���`� , ����f� �#*.� �� ��*!�� ��*!� �#*+,

 6���K�� ���	7!� D*-�-� ����L!� ���3!�� ��-"�!� :�%�<@7�� R&
 �*e
'"-��� F�?���– ����L!� �0-"!�
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�!*�� ��*�� ��? �ء .4

*+7��� H*�?�� :����)"� R7<#�
 :9�@!�'7�� �<� R7<#
• �� �&����,� ��*!� [a��Q� 3? 7��
•  Y� �, :��-"�� :�@7 � �#*+,

 �#*.� ��
• ��� �#*.� �� ��*!�� ��*!� X��*,
• ����� �`�U� �"�J� ���`� , ����f� �#*.� �� ��*!�� ��*!� �#*+,

 

 �02)1-7 :( 6���K�� ���	7!� D*-�-� ����L!� ���3!�� ��-"�!� :�%�<@7�� R&
 �*e
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8.1.  ��.�*����$ �<���* 0,*.� -� l* Nanotechnology California Institute of  

��0#��
� ���7!� :�#9*���)9( 

 

 R�-�7�� ��`*,� �#*+7��� F�?�� ء��/G 1 *.� �� �� 	7� ��.�*����$ �<�� �"<� �M"7,
��/*�* 0, ���5 1 4#��7��� ' <!�        nـ���� �Wـ�.* �7-?�ـ� ���75/ـ�: ���ـ ��� �� �2ـ ��

Y"7@!�. �   ـ�� 	, �1 �@ـ� ��	,+?�� ���	7� �rً���S *.� �� �� 	7� ��.�*����$ �<�� b�@#
���aـ�� ��7ـ' ,*�/ـ< ��?(ـ�#� �Mـ� �
�ـ��s �.	ـ]        �� :g0)!� �5 1 �����"-� *.� ��

��!���� ��W�?�� �#�U	��� �J�+��.  
��?8 �g8 ��!� ��$ـ%�_ )      �>�# �#d�7ـ��.�� ���ـ�!��� ��ـ!� �� ���?$ �0?2�

 ��*"@�*.� �� ��/*�* 0,� D*-� �� ����� h# Dـ�	ـ�     �!�>ـ�  � 	8ـ���: �7�9(ـ���: ��7
 Rء ���ـ����.S Y�"/ 1 :��� @�� ����7� :�$�)�� �� �$"ـ�   ���7!� �#��@7	��� ���� $?�

02 ��?# �)1-8(.  

� ��.�*����$ �<�� �"�#=�c 1 �"� Y#��)!� �� ��� ����K b%$�� �*�"$ *.� �� �� 	7�:  

��ء �� •/G*�J�+�� �#%Q, :�	�?+7� �#*.� �� ��*!� 1 D�	7� �#*+,� H.  
��ء ��?�*D*�M�� �#��+� :9�@� 1 H ��>*�ء �� �.*#� •/G.  
��ء �� •/G*  7' #"0 >ـ��� ��#�@�� ���")�� �-a���� :�.�&�-� �#*.� �� ��*!� 1 H

���ء<$ P�G ���")�� �J�+�� �#*�,.  
• �#*.� �� :�"��@�� :�@7 � ��*/ �?J��! ��<�/*, ���?� YN�.  
• �#*.� �� D*"��� R-� :��@< � �#*+,.  
• �� <!� ��g���� ����� �"B.
 �"� ��OG �#*+,.  
• :����?!�� b*.� �� Y� �7�� ��OG �#*+,.  
• 4#��7��� R�-�7-� ����� |&� � �#*+,. 
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 �02)1-8 :(��-"�!� :�%�<@7�� R&
 �*e �/�Q!���"-��� :� ��.�*����$ �<�!  

*.� -�'/*�* 0,– ��0#��
� ���7!� :�#9*��  

 

 ��M�?�� :����)!� R&S ���'7�� �<�!� �<#�@#:  

�� �.*#ـ�   H �,+ـ*#� �7	ـ�D 1 �!ـ*��   *G/ـ��ء �� ـ : .Bـ�Q, Dـ%#� ��+�Jـ� �� �.*#ـ�     •
�J�+�� �#%Q, :�	�?+7�. 

• :�#��+� �"B.S Nano Lithium Air:     1 �@ـ�9: �+��#ـ� H*ء ��?�ـ�� G Lithium Air/ـ

BatteryNano ����	7!� ��a���<0�� :�?$�!� ��/*�* 0, 1 �<���Q7�� R7�� '7�.  
H 1 �!ــ*�� �� �.*#ــ� �-ــ�&�.�: ���ــ�G* �-a/ــ��ء ��ــ: �&�.ــ�: �� ــ�.* ��("�ــ��   •

���ء<$ P�G ���")�� �J�+�� �#*�, �< 0"# '7�� ��#�@�� ���")��.  
•    �#*���� :���)7�!� :    D*"ـ� ���ـ� X0(ـ-� b*���� *.� �� ���)7�� D�B. �#*+,

��/*�*�?�� :�@7 !�� �#d^
� 1 ������ �#*.� �� :�"��@���.  
•      Z�<7ـ�!� b*.ـ� �� �#��
� ��e*, D�B. :    � ـ��e*7� ـ�#�/ Dـ�B. �
��#ـ�  ,+ـ*#

 ��.�O��� �.*#ــ� � 	ــ� �Uــ���: �5*#ــ� J*#ــ� �Uــ��� �-�ــ��G _�OــP � ــ�wO �ــ

'a��"�0�� lg�-� D���� ��rf7�� ��-	, Y� lg��� ����7� �`�<7��.  
•   �*J*�� �#g8 :       ـ��a���<0�� pـ�+J�� 'aـ����%#� �� ��7+ـ*#� �9ـ7?��� ����ـ% ��0>

� ��-0,� ��/�7.K� ����7� ��,g?�� ( �"a�	��  Yـ��� Iـ�+. ( l�7.K .  0ـ�"#
    wـ�J� ـ� ^(ـ�ء� ���?� *&� ]��	!� b*.�. '�"2 D�B. P�G �*J*�� ��-8 �#*+,

Y��� I�+. ( l�7.�� ��*	�� ��-07� >� I*r*�� ��7�. 
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�$% �-*D �� ـ�.* �@���ـ� �9#ـ� � �ـ-��.��     . 9.1�–      D*ـ� �-�-ـ�M�?�� %ـ$��Nـ"� �!

 ��� <���MRSEC– ��0#��
� ���7!� :�#9*��)10(  

$"@"*�ـ� ���Mـ� ��5ـ�� ��7ـ���      12000 �ـ�Penn State MRSEC   D,ـ�f, Rـ�}   

 :���Q7��)IRG(h ���	!� ��� <�� 1 ����"@�� �&�*B�� %$��� .  Dـ��@ 12002 �ـ�.� hz 

��*"@!�IRG  Y�MRSEC �h�#�@� �ء�).G R,   'ـW#%@�� b*.� �� Y� �7�� %$�� �
/>ـــــــ%�� 

)DMR 0213623(h  ',�5� �� X�f7# _�$ bd���IRG :     ـ���	ـ� �� �.*#ـ� �!7#���+?��ـ� ���@

 ��ًa��"�$)IRG1 ( �#*.� �� :�$��!��)IRG2 .(       ـ+� ��7*��ـ�).S� ـ�#���K� �+ـ).
,ـR ��ـ| �

h�#%$�"-�    Rـ�� ��$ـ% �-ـ*D �� ـ�.*     ��L, R,�MRSECـ� n?2005-12004 . ���ـh .S 'ـ<IRG 

    Pــ�G Rـ�	.�� :��
eـ-' />ــ�V 1 ���ـ*��a ���?ــ*��"�IRG3 )  ـ�: 1 ��> ��ــ�.��70�K�

��*��!� ( �IRG4 )�7	!� �#*.� �� �$��<�����O� L���<$ �.�ً .( D�� 12007 �`�NG z", h

IRG  �*5 �#�/Strain Enabled Multiferroics  bd��� h'���S 6��)� �� �". .  

 D�� 12008 �#�@, R, h����S V��?7��� '�`� , �0)� %$�!� :���Q,  ����a�IRG h

      n?ـeS� ً�ـ�a��"�$ ـ���	��7#@' �� ��+?��ـ� �� �.*#ـ� �!7�� [-Q7�� R, F�5Multiferroics 

 *& ��</K� �� ��0"!�IRG1 �#�@�� . D�� 12014h      �0ـ)� }�� 8Sـ��$ـ% �ـ!� ��/��� z",

����S V��?7��� '�`� , ���Q, :IRG MRSEC (DMR-1420620)) .( 
  

 �02 ��?#�)1-9 ( �0�<��'"�B 7��  %$�F�5 ,(ـ�0 ��-@ ـ� ��d�� 7#ـ� �-"�>ـ�     �-"
��a��� ����K� 4�� '�'7��  ����a��� ��M�?�� :��*"@� Y��
� ���J Y� Ra�� �0)� �e�*7,

 _���7���'"#��$
�$%#ـ� �����ـ�   ����7ـ��_ �ـY ���ـ ��� �,�ـ>�� ,(ـ��L �!���ـ� �!       �
��	�?+7�� H���
�.��)7�G {-@� ~� &b   =�dـ$� �#d�� 7�� � @-��� %$�!� �#�� Y� w� #

<!� � @�D�  ءg�v Y� w�� 7��� D*	,� ��* 7!� :0-�ـ���      D*ـ� ��> ��ـ� ����-ـM� }�
8ـ�
 D*-�� s�
� ��-$�_���!�.  
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 �02)1-9 :( �0�<��'"�B 7��  ��.��-� � �#9� ����@� *.� �� D*-� %$�!–  %$��!� �"N

 ��� <��� D*-�-� ��M�?��MRSEC– ��0#��
� ���7!� :�#9*��  
  

 _G      07ـ*_ �ـ� �@"*�ـ� �ـ� �!���ـ�, �#%$�) S/>ـ%�   b,�7ـ*  ��7ـ' �!���� �!
��!*�`*�*/�ـ� ���0>���ـ� ��!��0�.�0ـ�     ��7�$�?�ـ� ����7� ����Q7ـ�: �	�ـ�[ ��Qـ*�\    

ــ� �   ــ� ���@�` �a��"�0�� :ــ�  ���� �ــ� U�,� ��a*ــ U��� ــ� #���ــ�:  ���� �-"���� Dــ� �	�� =�dــ $
�$ـ% . �����*���!� Y"@7�� �d&b          ��M5ـ�?�� Y>ـ� �ـ� /"�ـ� �ـ*e*�� ��*<ـ� Tـ�,S ���/>ـ%

.	ـ� ��Q?ـ��:    ���JG ��.�0�G =�d$� ����@���1 ��� �"ـ� �����: ,��#?�ـ� ��!(ـ��$�    
 �� ���'7�� -�!� ���?, ��" , ( ����,��-7Q!� :���Q7�� ��� :��* . R��	, R, �J�

P�G ����!�: 
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1. ��*!� \�*8 ]��J �����  �02 ��?# �"$)1-10( : 

• Atomic Force Microscope (AFM). 
• Auger Electron Spectroscopy (AES). 
• Contact Angle/Pendant drop. 
• Density: Helium Pyconometry. 
• Electron Backscattered Diffractometry (EBSD). 
• Energy Dispersive Spectroscopy (EDS). 
• Electrical Characterization. 
• Electron Probe Micro Analysis (EPMA). 
• Focused Ion Beam (FIB). 
• Fourier Transform Infrared (FTIR). 
• Raman Spectroscopy. 
• Scanning electron Microscope. 
• Transmission Electron Microscope. 
• Thermal Analysis (TGA, DSC, TMA, DTA). 
• Particle size analyzer. 
• Zeta Potential. 
• Surface Area analysis. 
• X-Ray Photoelectron Spectroscopy (XPS). 
• Time of Flight Secondary Ion Mass Spectrometry. 
• X-Ray Diffraction (XRD, SAXS-WAXS). 
• X-ray Photspectroscopy (XPS). 
• Mechanical. 
• Mercury Porosimetry. 
• Nanoindentation. 
• Optical Microscopy. 
• Optical Profilometry. 
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Contact Angle AFM AES Electrical C/Cs

EPMA EBSD Mechanical FTIR

SEM TEM RAMAN
Zeta 

Potential

  
 �02)1-10 :(��-"�!� :�%�<@7�� R&
 �*e  �#%$�!� ����!�� ����@� *.� �� D*-� %$�!

��.��-� � �#9�– ��0#��
� ���7!� :�#9*�� 

 
2. *.� �� Y� �, �"�� Nano Fabrication Lab  

�`*# �?7Q� Penn State Nanofabrication      :ـ���!� H5ـ�S �.ـ��e :ـ�	�. :�$�)�� (
J�Oً"ــ� ,	 ً�ــ� �ــ��' �!>ــ��� ��Qً�ــ� �-�"ــ� �ــY ��(ــ�$�: 1 �9#ــ� �#ــ*`�  .��e�Qــ� �>ــ�

 Y�"/� ��.��-� �           D*ـ� 1 ���-ـ�M�� ـ� �@"*�ـ�a�� ـ�� p�S.�ـ�ء ���ـ��R �#(ـ��~ �ـ� #	ـ

b*.� �� }*7�!� ( ��rf7�� ����� ��� <���.  �`*# �"$Nanofab  ����*�� ���Q7� :���S
     �� ������� ,��#?ً� ����ً� #��"*_ ��?���M5 1 �!@ـ�9: ��7ـ' ,�0ـ} Jـ*�?8 b�c ��� 	,

 {#��7�� �W�& ء�U�S����@��� �"� h��, =�c 1���,� c�c����ء �4 ��<0��� �#�d�� �	?+�� 4

�K ����
� ��a� r ��*!�� �	�J��� ��)^�� ��O�LU.�CMOS  �.MEMs 

  

70��.�ـ�      Nanofab,("� ��	���: ��� �ـ� ��7ـ' ,"�ـ%    ��K� ـ� ����%�ـ�#���+?��ـ� ���@
     �70��.�ـ� ^�ـ�K� ��*ـ| �!ـ�� ( ���	��� �� � !� n+�
� ( b*.� �� ]��	!� :�%�!

�#��-	7����0��� ��	�!� ����$
� �M� h   =ـ�c Pـ�G ـ��� ��`��h 1 ��>��$ـ�  0*/� ���: ���@
������ـ� ���+?��ـ� ���@�#ـ�    #7"7ـ7Q!� Y?ـ� �	ـ���: ��!�ـ� 1 �@ـ�� ��7��ـ�4       . �!�	�

��*!� �#��,�.  

 �02 �<B#�)1-11 (   � ـ���B �� �� b,�7ـ*  ��7ـ' R&S ��7@>�%�: ���8 �!�"ـ� ����@ـ
 :�%�<@7�� H�5S ('7��       � ـ����$
�� ���ـ�B�� 4ـe� ��� Rـ, ( � ��7ـ' �ـ�#>� ��	ـ��

 ��.��70�K� �%</�� �����
� � ?-�� �0),�#*.� ��.  
  



  
  

      
 

  

      

    

  

 للنانو تكنولوجي في الدول العربية نموذجيدراسة استرشادية لاستحداث مركز وطني   
  

    
 

38 

  
 �02)1-11( : ��-"�!� :�%�<@7�� R&
 �*e  *.� �� Y� �, ����"� ����@� *.� �� D*-� %$�!

��.��-� � �#9�– ��0#��
� ���7!� :�#9*��  
  

 :��-"� �g8 �� %$�!� n�7#�   �`ـ� �-"�$ـ% �ـY ���ـ ���     ,*/�ـ< ��7*��ـ� �.	ـ� �!�
'���S �0)� R7# F�5 h��� 'M�?�� _���7��    :��a�U�S< ����-"�ء ��!> ��ـ�� 7Q� 1?ـ

:�$�)�� H���S .ء�U�S �� �#���� Penn State MRSEC  �d& �M� R<#��_���7��.  _���7�� R7#

�#�0ـ�   �
� :�$��{ ��(ـ?$ Y� ـ�M� :Dow �eXo �Xaar � UTRC  � Intel � Texas Instruments� 

Ascent Bio-Nano Technologies   � Johnson and Johnson�Pfizer  � Millipore �Druker 

Diagnostics  �Zimmer-BioMET  �Malvent Instruments � IBM �KMLabs� hGenefluidics .�  ـ��
���� ��� 6����� |��.�� �g8 %$�!��h      w#�� ـ� ���ـ?J ـ�� ~�pg+�� R�� R7# �(�0 �(ـ7

~�7)!� D�"7&9� :�c Y#��)!� 1 �#%$�Jـ�D �ـ�� �ـ� U�Sـ�ء &�Wـ�      �Jـ�  . ��� ���� ��!
Rــ�B 7� {#ــ��*� ��� ��7ــ��J� ���� ــe ــ�: 1 �/7"��ــ�:  �ــَ���� �"ــ�r���! �*ــ���

�$ـ% U#S ـ  �. ��3,"��: �e :�$��)� Y ���� �>"ـ� �-�L#ـ�  !� Xـ�U7�#�ً  ـ� ���-"ـ�ء   ً� ��ـ��
��*0���� ��� ��� :��?7Q� �� �#�a�%�� . D*# 1 �����a��� ��$��)!� �� %$�$�_ �U�Sء �!

h��*!�          ����G 4ـ' ��70ـ��O� L!� ��.��&* 5ـ�H �ـ *b 2ـ��~ 1 ���#7ـ< ���7ـ*#� �ـ��

2ـ�$� �GـP �9#ـ�     07��80 *�*/�� 1 �9#� � �-��.�� ���ـbd #@-ـ4 ���-"ـ�ء �ـ� M$Sـ� �ـ�       

�$% �Uً#S �(ـ��$�� �>"ـ�� 1   . �-��.��� !�� {#��7�� �W�& ء�U�S _�$Cross Over  'ـ&� h
*# ���^ ( �5�� D*# �<,�� ���. D   1 '�� ��7�_ ���-"ـ' ����ـ�� ( %�$�7�� Y� ��*!�

������ D*-�� �#*.� �� ��*!� ��� �</�*��. 
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10.1.  %$�!�D*-�� ' O*�� 0,�  *.� �� ��/*�* -�#�*<"/ ��?�)�� �����)11(  

� %$�!� {�f, *.� �� ��/*�* 0,� D*-�� ' O*�� ـ����� (NCNST)   �h 12003 �#�ـ"?

$��2�z  D*ـ-�-� �� ���� ��"#��$
� >���f, 1 (CAS)     ـ���� ���7-ـ�R $"��3ـ� �0��v��
 '���
� F�?-�   � *.ـ� �� D*-ـ� �' 1 �@ـ�	ـ� ,-ـ= ��7ـ' �>ـ�     ��07 *�*/�ـ� ���7+?�e�8 h

�"<� �-"7�� :�	�?+, .��L), R7# %$�!�  n?�# _S P�G Z�<#� ����K� {-@� Z��2G z�,
%$������NK�� h'!�� }*7�� ( Hـ�`� �GـP � �ـ� ,0 *�*/�ـ� ���ـ� ���$ـ% ,ـ��4#         ً��

_���7��� '����� '"#��$
� ���?7-� R<� ��@$ �"���� h��@!� �d& 1 ���)�� 4&�*!�.  

RU# %$�!� r ��ً��5 ����a� :��?7Q� �rg'& !��?7Q    ـ��/*�*�?�� :���rf7ـ-� '��a���
� h*.� �� ��g�� �#*.� �� ��*"-�!��?7Q ��   *.ـ� �� ـ�� 	ـ�[ ,�J� ��5*7� '��a�� h!� � 7Q?ـ

'��<�� Y� �7��� �#*.� �� RB -� '��a�� ,	 �� �� ـ�. . ��#*+, R�J ~� & h=�c 4.�/ P�G *

� *.� �� �@���� �?7Q�� �?7Q� :�������#�B ��� . �J�~��2  %ـ$� 7Q��ً?ـ�  �f, 119ـ�}   �!

�.���, �ً Y����/ �TsinghuaD*-�-� �� ���� ��"#��$
�� h��0� ����/� h.  

 �02 ��?#�)1-12 ( �0�<��'"�B 7��)12 ( F�5 %$�"-�1 ����K� D��JS _*07,  %ـ$�!� 
 ���*!� ����G� h��/*�* 07��� D*-��� ����G� h������ ����K� 470� ��h�#�)?��  R�J�hR�-�7�� 

 D*-��� %#%�,� �#*+, ����G�h��/*�* 07���   ـ����!� ����K�� hـ�#���K��  ـ���� ����G� �*ـe
� : .

� ��7	�ـ�} 1 ���ـ��   ��-@ � ��� �ـ� ��*O �ـ�  ���K (SAC / TC279)    ـ�� 	, _fـ�.* �(ـ �� h
�"7�9� ���Q� ����7�� *.� �� ��/*�* 07� �� �!� �e�Q�� � @-���  Rـ��	7� ' ���� ' O*�� �

�	��+!� ���"@��� h*.� �� ��/*�* 0,� D*-�� �� ����   ـ�� O*�� 7*/�>�ـ��� � @-�� �.��S� h
-��*%$�"-� ����, *.� �� ��/*�* 0,� *.� �� D .     *5ـ ��rfـ� ����ـ� ��7ـ�"#��$
� �-ـ*D  �!@-ـ� �

*.� �� ��/*�* 0,� *.� �� hNanoscale ���"@��� %$�!� �<��U7�# h ـ�� O*��    �!@"*�ـ� .(ـ

���| ,�-�O�� R?�ء ��� ��ـ� ��ـ�V��*7$ 1 `�%#ـ�ء �!ـ*��      b*7�# NCNST� .���0"��ء� (

��/*�* 07��� *.� �� R-�� ��*!� D*-�� ��a�#%���� �0"��ء��� ��M0!� . D�� 12014h  :��2S
    R1 �-ـ �vـ�&"�: ��?ـ���!�� ���<�� :�v�@.K�� ������� R��	7�� � @� h*.ـ� ��   _S zـB59�

��/*�* 07��� D*-�-� ' O*�� %$�!� (NCNST)   ـ�?,�� P�G P	,�� �J"   IgـOK� ( ـ�U`
�

����� 1 ." D�� 12018h �23� �<�S Nature _S NCNST  �5S _�$"  �U`S5  ـ 	ـ� �`&����ً 

 H�5
:�.��� Clarivate Analytics D�� 12018h 1 ��M5�� ��"8 ��"U, R, NCNST  1

"��<)7�� �M$
� ��M5�?�� �ً "  ��*5 h� �����R 1 ��� *�: ���(ـ� bS216 �ـ� �@"*�ـ<    �
�8ـ

��)� �<� ��<)7�9� R, �J��. � �?"`*. 12013h ��/*�* 07��� D*-�-� ' O*�� %$�!� S��  

(NCNST)  S�5 ���
��ـ| ��?�ــ�� :�c H*ــ� ��@�,��7�K� �#*CASh  _�* ��" Pـ% �-ـ�$�   ��7ــ
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'�� ��� b*.� �� Y� �7��" . �� ��07�9� I�` :�5�25 �<���ً �� CAS    ( %ـ�$�J*�&ـ� �-7
� �! 7@ـ�: ��@�#ـ�� �!�7-	ـ� �07 *�*/�ـ� �� ـ�.*      #*+7� ����a��� �#*+7��� F�?�� Z��&S

 RB �� ���0,��#*.� ��h    �1 . �!�ـ7*{ ��7	 ـ' �-�ـ ��� ��7	-��#ـ�     ً����7ـ' �ـ7�`�8S Yـ

 �?"�#�2018h  |��.�� v�7/�"     ـ% ���ـ ��' �-�ـ ���: �� �.*#ـ��$�S 1$7ـ*��  � .�789?ـ�� " ��7

2015h  :f).SCAS "*.� �� R-� 1 %�"7�� %$��) "CAS-CENano (  ـ�#�/ lc*". ء�).G Y#��7�
 F�?-�M"7, h'"-���� >��<�   ��7�$�ـ% ) O-��ـ� �-ـ*Y�"@, 1    D �!*�&ـ4 �!?07ـ��� h
h*.� ��  I��78� w�	�,�h��?$ ��ً!�� ��*<)� �"B � n?�, _S�.  

 �02)1-12(  :'"�B 7�� �0�<�� %$�"-� D*-�� ' O*�� *.� �� ��/*�*0,�  
��?�)�� ������#�*<"/  
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� ,(�Q] �ـ*�� �� ـ�.*   ) 1-13(�#?�� �02 %</S �� ���   ـ� ��!*�`*�*/�ـ��?�$�7��

� �#������� ��a�#%����� ��a*U���'7��     D�Q7ـ�,� �7#*�/� � >� ��� $?�� ��f/�ـ�� ��7ـ��

� �?J �� ��?$ I�+. (>�� ��.���7!�� %$�!�� ��M5�?�)13(.  

Biology TEM Cold FESEM

HRTEM

AFM

MRI

HR Tomography 

imaging system

SPM 

TGA/DTA

Raman

XPS

XRD

 �02)1-13:( ��-"�!� :�%�<@7�� R&
 �*e ����"� �� %$�!�' O* D*-�� 0,�  ��/*�*
*.� ��-�#�*<"/ ��?�)�� �����  

  

-�!� _���7�� �� ����� �0?)� %$�!� %�"7#�' ������'  �02 ��?# �"$)1-14 ( �d 

�).G >a  �7ـ��_ �!�-ـ' ���ـ���'   �(?�0 �ـ��� �  zـJ*�� 1  D%ـ< ,-7ـ��. NCNST   %�7%#ـ�

�ـ'  ` .���ـ�� ���Qـ��l  ����7�_ �����' ���7?��� 1 �@ـ�� �-ـ*D �,0 *�*/�ـ� �� ـ�.* �ـ��      
 _���7��h'-�!� D�JS  %$�!�.���,�ً �	7��� ��
� �#*O �ً �<�� Y�hء�#%����  �<���h�0"��ء�� 


$��#"�ـ� ���ـ� �� �-�-ـ*    1���>� `�%#�ء ��+��J ������ـ�  �hD   ـ����/� hـ�  �0ـ�����/� 

Tsinghua �&��^�.  ��S'����� _���7�� ��@� 1D�JS h   %ـ$��ـY ����#ـ� �ـ�    ً� $?�ـ�  ً�,���. ـ�!
 H*�?�� �&��� �$ 1�� :    ـ�."��~ �` - ـ����� ���#*�� ���7!� �0-"!�� ��.�`� ��.�!S

*���� �� $� ��0#��
� �7����� ������ �$*�#� ��@ *��� �������_ ��� �Gـ�c Pـ=  ���7!� :�#9�. 
 �J�~��2 %$�!�      Yـ� ~�1 ��.ـ��| ,ـ��Q�� 4#ـ�#@�� �!(ـ7 x�) �  ".0ـ�   �~���ـ�-"!��

 �������h�#�*���� ����v �#���� 4.�/
� pg+�� �?	7��� TWAS     n ـ� �!ـ� }���02S� 8Sـ

���*&*!� \�Q2
� �#��, v%�# �"� h��������. � ����� Y� _���7�� %#%�, �/S �� hـ��? /
� 

!� X�U7�# ��/*�* 07��� D*-�-� ' O*�� %$� ��5-6      ��ـ3,"��: ����ـ� �a� rـ� S� ��7ـ��

� Z��Oh�ً#* � � w�"�, Y���7� ���?7��� _�"$ h'������ _S %$�"-� ��rf,�ً �@#��,�ً   �1 �@ـ�
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�� R-�$ 1 *.� ــ�� �  ��������� R����� hP��# *&�  >7"&ـ��� R#�	7�    %ـ� ��7%#ـe�Q��

D*-�� ��#����� ������� ����7�!� ��" 7��  ��/*�* 0,�*.� ��.)14(  
  

  

 �02)1-14 :(0?2�  _���7��'-�!� �'�����  %$�"-�D*-�� ' O*�� 

0,�  *.� �� ��/*�*–  ��?�)�� ����� �#�*<"/  
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  الثانيالفصل 

علمية أهم التخصصات الأكاديمية وال

  تضمنها أنشطة المركزت التي

  المقترح الوطني 
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 مقدمة الفصل الثاني

ــ�      �"#��$
ــ�: � ��Q7�� Rــ &S ــ� ���� �dــ ــ��� &  7#

 ��"-���� %$�!� �d& �< "U7# _S �0"# '7�� ��M�?���

 w?� '7�� �&��!�� %$��!� YJ�� �� T�7	!� ' O*��

,	�#">� YJ�� ��� w����� ����� 1 ���75/�: $ـ�  

%$�!� �d& ء�).q� D*	, Z*� ����.  

  �d& �<��� 7�� '7�� :���Q7�� _S �$d��� �#�@�� ���

"0ـ� ��2�G _*0, Z*� �����  _S#� �-��� ��7ـ��' �# 

,O �<U�� �S �<-$ �/�*7?	ـً� !ـ� �ـ*Z ,ـ��V �����ـ�      

' O*�� %$�N� R7�� �ًU#Sـ7� '7�� .  Y	q� D*.(�ء �!

,����J� :g	ـ� �-��Q7ـ�: �
$��#"�ـ� ���7-�"�ـ�     

����a� :9�@� Hgr 1 &' �-ـ*D �� ـ�.* �& ��ـ�    

 �&�5S 1 [�Q7# _S �0"# '7��� *.� �� 4O� *.� ��

ــ�  <-$ �S)%ــ $�ــ��! -�! ــً�  ) �> 	?O Vtــ� ).G T�ــ 7	!�

 �<�` f) # Z*� '7�� ������ 1 �5�7!� :���Q7-�

�$% ��>*�� ,f&�ـ� ��0ـ*��� �!+-*�ـ� ���7ـ'     !� �d&

#"U�� �`�U7�� �0ـ>� 1 ��ـ��� ������ـ� ����#	ـ�     

   �#��@!� 1� ���Y7"7, '7 �? �� ,���7 �$ـ*��� �(ـ

    F�5ـ hp�?ـ93ء ��(ـ& p���7�� ( ����J ���Q7�

���� ��M ��@���ـ� �!�ـ�#� ������.�ـ�    ,*� :����/ �`

���ـ� �/���ـ� �!-ـ= �?ـ� ���%#ـ%       ��� ��@">*�#� ��ـ

��!"-0ــ� ������ــ� ���ــ�*�#� � �ــً� $��-ــ� �����ــ�  

�7� ���ـ�V��*7$ ���7ـ' #"0ـ� S_ ,�ـ���7 �ـ�      �/�!�

   1 �ــ*�` ــ' ,7ـ ــ�.* ���7ـ ــ� �- ـ ــ% ��07 *�*/�ـ ��$ـ!�

��$ـ% �ـ�   !� =-, ��&f7� ��7���@��  wـ#�O�  :ـ��J��,

       ����a� r �ـ�� �
Oـ��Z ��7ـ' ,�^ـ4 1 ,�ـ�#Y �,�ـ

�<� �e�Q�� %$�� .���"� G 1.(�ء �!

     :��$"� #7 ��� ����� ��-*�ـ�: ���ـ-� �ـ� �!7Q?ـ

�{ ���"ـ�  @# _S T�7	# '7�� ��M�?�� x�	 ��� ��"-���

    Dـ�	, _S Y7ـ' #%�ـ�� �7 *6 ���75/�: ����, F�5 �<�

ــ�  ــ%(`�> $��ــ�/ � ــ�.*    )���& ــ� ��  �/*�* 0,� D*ــ -��

������7' #"0ـ� �0ـ� ���ـ� ��78ـ�� ��5ـ� M$S �Sـ� �ـ�        

&7"��>ــ� ���-"ــ' ��!7Q?ــ��: ��7ــ' ,	ــY 1 �@ــ�� 

  1 :�����7J9ــ��J� hbــ� ,ــ7JG Rــ��T 8"�ــ� �7Q?ــ

   V�7-�� �����@ـ� �!�ـ�� �#*.� �� ��*!� �#*+, :9�@�

ــ�.* �7*��ــ� �,Qــ%#� ��+�Jــ�    ــ� ��  �/*�* 0, ��,+ــ*#

� ,+ــ*#� �!�Qــ?�: ��%����ــ� �� �.*#ــ� ��ــ*�� ��7Q?ــ

   Y� ـ�, �� 7Q�� *.� �� 4O?ـ?7Q�� X�-L7��� �W?�7��

�!7Q?ـ��: ��Q"ـ}    &NanoFab Lab   .Vd*�� �� �.*ـ�

,UــS R^-ــ4 �9&7"��ــ�: ��?��Mــ� ���07 *�*/�ــ� 1 

 :�e��78K� 6* 7, �"$ h*.� �� ��/*�* 0,� D*-� ��@�

      Zـ ���� �>ـ�e� ـ��	ـ�� �,+?����S Hـ���S ��� ��

��ـ'       ��� I*ـ��� Pـ�G ـ��# b*.ـ7| .ـ� � P�G �*e*��

'!����� .  b*7' ,�7ـ�� �#%$�!� ����!� �ًU#S ~� &�

���aــ�� �Mــ� ��"ــ� �Jــ�[ 8ــ*�\  ) �
/>ــ%�� �

   D�Q7ــ ــ' ,� ــ�� ��7 ��a��� �ــ% </
ــ"� � ــ*�� �#( !�

��Q),� X�e*7] �!*�� �� �.*#ـ� �,��#ـ� ��Qـ*�\    

ــ�   ــ� ��!��0�.�0 �a� ?��� ــ� �?�$�ــ� ���7 �/*�*`�*!�

70��.�ـ� �#"0ـ� S_ ,(ـ"�    �K�� ����<0��� ��a*U���

70��.ـ'    �K� p*0ـ���?O	�0�K �ً.��: $� ���ـ� �!�0

   vــ� </� dــ ــ' �� �` .��70�K� p*0ــ ���0�!�� nــ ��!�

 p*0ـــ����Jـــ�[ �5ـــ*� �
2ـــ�� ���ـــ� �� ��!�0

ــ*�\    ــ�[ ��Qـ ــ� ��Jـ ــ*{ ���d#ـ ــ' c� ��	ـ 70��.ـ�K�

ــ�    7#v ــ�</� b���ــ� ���ــ �-�7�� ��!��0�.�0ــ� �S/>ــ%

�*& ��rf, ]��J�. 
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     �� �Mـ� S/>ــ%�U#Sـً� �!�"ـ� �!�$ــ%b ��/>ـ%� ��0?�ــ

    _����J	� �ـ��+��a�#%���� Iـ� ��
`ـ�� ��)^
� ��U�,

� ������� ������� �/�� :�c �#������   z7ـ' ,�"ـ� ,�ـ�� 

� � ��� �#*/ Z���
/>ـ%� �	�ـ�[  � =�d$   \�*ـQ��

��J	� ����ـ"��0  �� ��)^
� ��U�,� ��a��"�$��<0��

��$�"���aـ� <0�� I�+��� .     _��U#Sـً� & ـ�~ ��"ـ� �
`ـ

��!+�bd�� �5 #7+-ـ4 ,*�/ـ� S`ـ��_ e�*� :�cـ��:     

��� ــ� O?	ــً� �-7+?�ــw ��!ــ*�� �!+-ــ*p ����ــ*�  

�B �� �`�L�� ~� & _S �"$ h�<�-�   _S 7ـ' #"0ـ���� ��

  �S ـ�	�J� ��.��70�G :�	�?+, 4-O ���5 1 �/�*7,

� ��� ��?O :�	�?+,. 

ــ�     ــ� �����%#��aـ ــ� ���a��"�0ـ ــ�~ �!���ـ ــ�ً� & ـ �8Sـ

��$�"���aـــ� �����*#ـــ� �&ـــ' Nـــ���#� �0ـــ� <0���

* 7, F�5 h*.� �� ��/*�* 0,� D*-� 1 ����Q7!� 6

: �@>ـ%� ,�7"ـ�   ���7@>�%�: �!�"-�� �>� �� � ( ـ

 4����� ~� & =�d$� :�#��"�$ �� ��-7Q!� Z��B��

ــ�    �	 �� Vــ� �!�� Vــ��!�� vــ�L�� :gــe�� :�0"��#ــ���

��g���� �#�"��� :���S �� �&������� �!> �ـ�   �^�

�&ـ� ,��ـ�gً 1 &ـ�d ����ـ�      $c ��ـ��. Z*� '7���

�< � �"�� �0� ��*-+!� �%</
� P�G �`�NK��. 
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1.2.��"#��$
� :���Q7�� R&S:  

 ��"�-�7�� %$��!�� �&��!� 4-^S1       R#ـ�	0 *�*/�ـ� �� ـ�.* ,7"�ـ% �7,� D*ـ-� ��@�
@#�Q� V��*7$���� ��7�/�!� :�/�� ( �*��-� \�: ���-"�� �!M� ��-7Qـ�  ��0-��' ���

 D*ــ�ء (���> ��ــ� ) ...–`�%#ــ�ء �5*#ــ�  –'��*�ــ*/ –`�%#ــ�ء  –$�"�ــ�ء (���-ــ�� –$�"�ــ�ء  –$>
�#ـw �ـ���|      ���+ـ4 ����ـ���� �Oـ4 �
�ـ �_    ....)  –�"ـ���   –'�ـ�.  –���0�.�0O ـ= �ـ��c�

 *.� �� 4O� ��� &� D*-�� �e�8 ��"#��$S      _*�"#ـ��$S �d,ـ��S � �51ـF #@ـS 4_ #7ـ*`
�� �?#�	�� :����@�� ) �<�!�/ %$�!� ( T�7	!�R<#��� hVt�).G     =ـ��#} ,-ـ, ( ���	ـ��

��7�/�!� pgO ��&f,� :���	!�/ 6���K�� ��07��� V��*7$���1     0 *�*/�ـ�,� D*-ـ� �ـ�@�
 *.� ������, �0"#� ����a��� :���Q7�� =-, -# �"�`':  

 

1.1.2 .*.� �� D*-�:    
 ��@!� �M"# '"#ـ��$
���7ـ�Z ) �?ـ���    �1-ـ*D �� ـ�.* S&"�ـ� �Jـ*{      1 �
� *.� �� D*-� {�S�'7��     �7�� ـ�� �>ـ�����-� n7ـ�, Z*ـ�  wـ�0     1"ـ)� ��`>ـB�� Rـ�&

-���,' � �#*+, 4��+-� n�7#* ]���-� �0"#� ��-7Q� :�	�?+7� *.� �� �� ����� Vd& ���
 �� �0"7# _S :���	!��M�?�� >7+	. ���78�    ـ�.���"� V��*7$ـ��� �S �� � �� ��/� �!�/�ـ�7

��`�)!� ��?# �"$  ���/)2-1( .  
  

 ���/)2-1 :(*.� �� D*-� [�Q7� �5�7	!� �������� :���	"-� Xe�  

RJ�  English Title ������� �L-��� _�* ���  

1  The Fundamental Science of Nanotechnology. *.� �� �� 	7� �����
� D*-���. 

2  Assembly and Fabrication of Nanomaterials. Y�"@,/  *.� �� ��*!� Y� �,�#. 

3  Characterisation of nanomaterials. �#*.� �� ��*!� X�e*,. 

4  Computational Nanoscience. ���*����� *.� �� D*-�.  

5  Nanomaterials for Photocatalytic Processes 

and Environmental Applications. 

 %��-� �#�7�*.� �� ��*!�'a*U�� 

��W�?�� :�	�?+7���. 

6  Nanoelectrochemistry. *.� �� ��a��"�$��<$. 

7  Mechanical Properties of Nanostructured 

Materials. 

��Qـــــ*�\ �!��0�.�0ـــــ� �-"ـــــ*�� 

�#�7�*.� ��. 

8  Chemistry and Characterization of Surfaces 

and Thin Films. 

 Dgــ`
�� T*+ــ��� Xــ�e*,� ــ�ء�"�$

�	�J���. 
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9  Quantum Nano-electronics. ��"0�� *.� �� :��.��70�G. 

10  Electronic, Optical and Magnetic Properties of 

Nanomaterials. 

  ��a*ــ ــ� ���Uـ 70��.�ـ�K� \�*ــ ��Qـ

�#�7�*.� �� ��*"-� ����O� L!��. 

11  The Chemistry of Nanostructures. �#*.� �� ��*!� ء��"�$. 

12  Surface and Nanophysics. *.� �� n+�� ء�#%�`. 

13  Quantum dots. �� x�	 ����"0. 

14  Semiconductor Devices Physics and 

Technology. 

ــ� ــ�ء ,0 *�*/�ـ ��`�%#ـ%</S  V�?ــ 2Sـ

:ge*!�. 

15  Renewable and Alternate Energy 

Nanotechnologies. 

ــ�   ــ� �� ــ�.* ���+�Jــ� ��?�#- �/*�* 0,

���@7!��. 

16  Nano-process modeling and simulation. �#*.� �� :��-"��� �/d".. 

17  
Thin films Nanotechnologies. 

ــ�:   ــ� ��+?	ـــــــــ ,0 *�*/�ـــــــــ

�	�J��� ��#�7�*.� ��. 

18  Management and Economics of 

Nanotechnology. 
*.� �� �� 	, :�#���7J�� ����G. 

19  Laboratory Rotations. ��-"�� :�?#��,. 

  

2.1.2 .*.� �� ��� & :    
  

�� 4.�@�� *.� �� ��� & ��@� �M"# '/*�* 07 bdـ� �ـ*��      ��ـ#*�, ( ���#ـ< ��	ـ��
 *.� ��P�G {`� 7, ��J*� :�@7 �  ����� �<�1    *��ـ��� �ـ�@!� �dـ& .   T��!	ـ���: �!	7ـ

 >�#��, R7# �<U�� �<�#��,1 J�?��� *.� �� D*-� ��@�'  %$�#( *.� �� �%</S� �"B.S 
1 9�@�=�.��70�G*.� �� : =�.*,*`*.� ���  ���)7��� ء� ?��� �J�+����&��^� .  
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 ���/)2-2 :(*.� �� ��� & [�Q7� �5�7	!� �������� :���	"-� Xe�  

RJ�  English Title ������� �L-��� _�* ���  

1  
The Fundamental Science of Nanotechnology. 


���ــ�� �7	 �ــ�   � D*ــ-���
*.� ��. 

2  
Assembly and Fabrication of Nanomaterials 

Yــــ*��  /,@"�ــــ!� Y� ــــ�,
�#*.� ��. 

3  Characterization of nanomaterials �#*.� �� ��*!� X�e*,. 

4  
Introduction to Nano-Science and Engineering. 

�-ـ*D �& ��ـ�    �1	��� 
*.� ��. 

5  
Introduction to Nanoelectronis. 

70��.�ـــــ�:  �1	��ـــــ� �G
 :�"��@���#*.� ��. 

6  Nanophotonics. *.� �� :��.*,*`. 

7  Micro/Nanoelectromechanical systems 

(MEMS/NEMS). 

 ��� ـــ�.* / �B.S"ـــ� �!�0ـــ
��0�.�0����<0��. 

8  Surface Science and Engineering. n+��� ��� &� D*-�. 

9  
Optoelectronic Materials and Devices. 

K� �70��.�ــ� �!ــ*�� ��
/>ــ%�
��a*U��. 

10  Introduction to Nanoscale Engineering Design and 

Manufacturing. 

� ���	�-   R�"�7ـ��� Y� �7ـ
�� <��' *.� �� :�"��@�. 

11  Physical Principles of Nanoscale Science and 

Engineering. 

ــ�  �a�#%���� ــ��� ?!�  D*ــ -��
*.� �� ��� &�. 

12  
Mechanical Properties of Nanomaterials. 

\�*Q��    ��*�0�.�0ـ� �-"ـ�!�
�#*.� ��. 

13  
Electrical, Dielectric, and Magnetic Properties of 

Engineering Materials. 

��Qــــــــ*�\ ��0>���ــــــــ� 
ــ*��  ــ�� �-"ـــ ��!��O� Lـــ

���� <��. 

14  Nano-scale polymer Science and Engineering.  >�� &� D*-�*.� ��-�"��*�. 
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15  
Integrated Circuit Fabrication Methods. 

 �a��ـــــ��� Y� ـــــ�, I�Oـــــ
�-��07!�. 

16  
Electronic Devices and Circuits for Nanoengineers. 

70��.�ــ� �K� �a��ــ���� �
/>ــ%�
*.� �� ��� <�. 

17  Thin film technology. �J��� :�	?+�� ��/*�* 0,�	. 

18  
Selected topics in Nanoscale Engineering. 

ــ���  ــ� �7�9(ـــ  B.S1"ـــ
*.� ��� ��$�!� }*7��. 

19  Advanced Nano-Electronic Components. *.ــ� -�0*.ــ�: �� ــ��.��70�K�
���	7!�. 

20  Materials and Devices for Photovoltaic Applications.   :ـــ�	7+?�-� ��ــ*�� �S/>ـــ%
'a*N��<0��. 

21  Thermoelectric Nanocomposites.  :ــــــــ�?$� �� �.*#ــــــــ��!
�#���5��<0��. 

22  Nanosensors. �#�7�*.� �� :��@!�. 

23  The use of Nanotechnology in Construction 

Engineering. 

ــ�.*   ــ� ��  �/*�* 0, D��Q7ــ ��
 .1 & ��� ��? �ء

24  Laboratory Rotations. ��-"�� :�?#��,. 

  

3.1.2 .*.� �� 4O:  
  

 P�G [�Q7�� Z�<#� ��&f,� ����G���Q7!� ��"-��� ���*0�� 1    ـ�9: ��+?�ـ�@!�
         ��� �.*#� ��e�8 �!ـ*�� ����*#ـ� ����ـlg �ـ�!*�� ��+?�ـ� �� �.*#ـ� ���7(ـ�Q] ����7ـ*#

��#�7�*.� �� �#*���� ��*!� :�	�?+, 1 �@�.
� ��� & �_�O���� lg�� �#*.� �� ��*!� 
� Z���
� :�	�?+,�#�
�ـ �_   �!@�7�*.� �� 1 ��?+�� :9� :�?$��7�� �#*���� :��@!��

�*#ـ� �-"�Q7-�ـ�: �� �.*#ـ�    �� �.*#� ������K�� ��"��� ������ �#*.� �� :��.9,��5ـ� ��� 
�&��^�.  
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 ���/)2-3 :(*.� �� 4O [�Q7� �5�7	!� �������� :���	"-� Xe�  

RJ�  English Title  ������� �L-��� _�* ���  

1  
The Fundamental Science of Nanotechnology. 


���ــ�� �7	 �ــ�   � D*ــ-���
*.� ��. 

2  
Assembly and Fabrication of Nanomaterials. 

Yـــ*��    /,@"�ـــ!� Y� ـــ�,
�#*.� ��. 

3  Principles of Nanomedicine. *.� �� 4O :�����S. 

4  Biomaterials and Nanomedicine. *.� �� 4O� �#*���� ��*!�. 

5  Nano Diagnostics and Imaging.    *.ــ� ــ�: �� ــــ  1,+?�	ــــ
�#*�7��� [�Q)7��. 

6  Nanomedicines and Therapeutics. lg���� *.� �� 4O. 

7  Nanomaterials for drug delivery. ــ� ــ��  �!*���� �.*#ــ �,*eــ
 .�����ء

8  Biomedical Materials Engineering.    ــ� ــ*�� ����*#ـ ــ� �!ـ & ��ـ
��?+��. 

9  Biomaterials/Nanomaterials in Tissue 

Engineering. 

,+?�	ـــ�: �!ـــ*�� ����*#ـــ� 
ــ� ــ�  1 �� �.*�7�#ــ & ��ــ

�@�.
�. 

10  Biological Nanomaterials. �#*.� �� ��*!� ��/*�*�?��. 

11  Characterisation of Nanomaterials. �#*.� �� ��*!� X�e*,. 

12  Ethics, safety and regulation. :ـــــــ��Jg8

�ـــــــ�_ ��� h
�"B !� ��.�*	���.  

13  Nanomaterials for cancer treatment.  lgــــ*�� �� �.*#ــــ� ��ــــ!�
_�O����. 

14  Nanofibers in medicine. .� �� Z���
7�#ـ� *,+?�	�: �� 
1 ��?+�� :9�@!�. 

15  Biosensors. ��/*�*�?�� :��@!�. 

16  Biophotonics and bioimaging.  �#*�7��� �#*���� :��.*,*���
*����b. 
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17  Interaction of nanomaterials with biological 

systems. 

 Yــ� �!ــ*�� �� �.*#ــ� �ــ���,
��/*�*�?�� �"B.
�. 

18  Selected topics in Manomedicine.  �OــN*�1  4ــ*��: �7Qــ��
*.� ��. 

19  Introduction to Nanomedicine Science and 

Technology. 

�	��� 4O D*-� 1 �� ـ�.*  
>,�� 	,�. 

20  Nanotechnologies for regenerative medicine and 

tissue engineering. 

,0 *�*/�� �� ـ�.* 1 ��+ـ4   
�@�.
� ��� &� b�#�@7��. 

21  Nano-Diagnostics. ��*ــ ــ� �! #*.� �� � [�Qــ )7
s���
�. 

22  Nano-Biosensors. *ــ ــ� ��!ـ ــ%�  –� �� �.*#ـ S/>ـ
��#*�5 ���)7�. 

23  Nano-Pharmaceuticals.   �#*.� �� �#��
�. 

24  Nanomaterials in dentistry. ـــــ�#� 1 �!ـــــ*�� �� �.*�7
_� �
�. 

25  Optical methods for Biomedical Imaging and 

Diagnostics. 

� ��a*U�� I�+�� D��Q7�1 
  [�Q7(ــ��� ��@ــ�� ���7ــ*#

*����b– ?+��'. 

26  Laboratory Rotations. ��-"�� :�?#��,. 

 

2.2.  :���Q7�� R&S :��?7Q!�� ��M�?��1 *.� �� ��/*�* 0,� D*-�: 

��-ـ*D �,0 *�*/�ـ�    )���&ـ� -%���$ ـ(#%�S Y_ ,	ـ�D `�>ـ�    ��7'��75/�: ����� �,7 *6 
*.� �� ������ gًM"` h 'ـ�.  ��7ـ�,'    nـ� 2ـ� hVـ��!�    w�7"ـ, _S 4ـ�: ,�-�ـ�    1#@ـ��Q,

�� *&� �#���7JG ����f�� ���B �� V��!� ��`*, �/S �� V��!� �@�����    ( %ـ$�#@�->ـ� ,
 [�Q7� �?7Q� ء�).G1  ��2ـ��: �� �.*#ـ�     ,+*#!�� �7�#ـ� ��7ـ �g��� Y,ـ�*.� �� ��*!� 

 '����ـ ��  '!���@ـ� ��ـ�V ���ـ�Z ��%��� ـ   �S ����!� V��!� ��-�7� ,+ـ*#� B.S"ـ� .�.*#ـ�    
�����' 
 �&�#��, ����G���� �"B.b :����Q7�K� �� �&��� .	ـ]   ',��. ��7'����� . �^�

1  ���Q7� :��?7Q� ء�).q� D*	, �J�+�� :�����G1    ـ� �ـ����<0�� �J�+�� l�7.G ��@�
 �"B.S �J�+ــ��*���� �*J*��� T�#���� ���")��b �")�� �*J*�� l�7.G�'   ـ�"B.S� �a����

�J�+�� �#%Q, ����� �	a�` :��M0�� :�#��+� �� . �����'7��     [ـ	. :g0ـ� �(ـ� >/�*,
�  ���dL�� �#*.� �� :�?�Q!� ~� <` h'7ء��?$ ��-��` z7?rS1 ���%�� l�7.K� RB. �#*+,' 
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 I�+� ��/�7.K� ���#v��� � .,   :��
��G D%-7�# �W.(ـ�ء �7Q?ـ�� ������ �$�)!� RJ��1 
*.� �� �#*�7��� [�Q)7��� *.� �� 4O ��@�b *����b    �5ـ� ����*#ـ��,K�� ��"��� :������

g�� _�O����M� ����7�!� s ���ـ�
� l .     ـ���Q7�� =ـ-, s�: �ـ?��  `�"ـ� #-ـ' .�ـ�7
����7��.  

1.2.2. �@����� ��-�7� �#*.� �� ��*!� �#*+, �?7Q� V��!�: 

• � �#*+,��)^S Y� �, �#*.�. ��`��@�� �� � �<�a��8 [�`� �&��?78�� V��!� ��	 7

��0�.�0�!�� �#c�� ��. 

• �#*.� �� :�?$��7!�� :�?$��7!� �� �	�J� ��)^S �#*+,. 

Thin Film Composites (TFC) and Thin Film Nanocomposites (TFN) �� D��Q7ــ�

�!ــ*�� �� �.*#ــ� �Mــ� S.���ــ4 ��0��ــ*_ �� �.*#ــ�   ��Polyamide?ــ*��"��: ��7	-��#ــ� 

��/�7.K� ���#%� �0-<7�!� �J�+�� ���Q,� ��-�7�� ���`�� �����7 $��ء@���.  

•  �#*.�. :�#��"�� ���),� �#*+,Nano Architectures   ـ���!� ��`����(ـ?<   '�� ��@ـ

 :�?$��7� �#*+7� c��.ء��$ :�c �J�+�� �� ����� ��-�, ����")��. 

• "�J :�c �#*U� ��^ �#*.�. ��*� �#*+,������ Z���� V��� ��	 7� ����� �#���7J' 

'�� ���� '���%���. 

• ��-�7��� �@���!� ��/*�* 07�� ��O*,� �	. �#*.� ��. 

  

2.2.2 . ���*7� *.� �� ��/*�* 0, �#*+, �?7Q� �#%Q,��J�+��:  

• �#�7�*.�. ��*� �`�a	� ����0ء� �J�+�� �#*�7ـ� ��("�ـ�� �GـJ�O Pـ� 5���#ـ�       ,+*#
 D�Q7�,� ����<$�1 ��")�� �#gQ�����")�� :�%$�!�� :��"@!� �S �. 

•  �#*+, D�Q7�, �#�7�*.�. :�?$���: ��#-ـ�  �ـD��Q7 �+��# ـ ,J�+�� �#%Qـ� ��  7�1
D*�M�-�� _*#S :�#��+?�. 

•  �#*+,9 ����� ��$?�: .�.*#� �c: $��ء� �<���Q7�1 ����� �	a�` :��M0!�. 

• D��Q7�G *.� ��'/*�* 0, oa�?. Y� �7� ��*+7� �#���5��<$. 

• *.� �� D��Q7��'/*�* 0, �*J*�� �#g8 l�7.K �ً�-�� �*+!�. 

• �")�� �*J*�� l�7.G��*+7� �#*.�. :�%��� D��Q7��� �a���� '. 

• *���� �*J*�� l�7.Gb �� D��Q7� �#��?�� 4���+���#*.�. :�#dL��. 
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3.2.2 . �?7Q��#*.� �� �����%�� :�?�Q!� �#*+, X�-L7��� �W?�7�� ��*��:  

 _G� �#*.� �� ��*!� D��Q7�1 �?7�# ��"�7�� |����  ًg#-��#ـ�    `�ـ�9ً  �ـ�	7�� ����ـ"�
�ً�B. �#�%!� �� �#���� w	�# F�5 K :��"0� �<��"�7�S ـ�Jh   ـ� ���ـ��<,�?r� '   Z��,�ـB�� zـ

 :��7�� �< #%Q, ( ���	�� �#%# �"� ��-7Q!�S�*Oh ��7����'      ـ�a�*��� ـ� �ـ�#���� wـ�	�,

 �"$ =�c� �W�?��� :�? -�'-#: 

1 .�ً�/ ��Le R@5 :�c �#*.� �� ��"�
� ���?$ :�5��� l�7�, g`. 

2 .�ً2� �<���Q7�� R7# �UQ�� 6*"@!� (b  ��*�� :�? �� �< � ���7��`S6��. 

3.K� ��#�� �<��"�7�� n�7# �"� h\��7�1 
��ً�?, ��*-+!� :�J� 9  :��75/�: �� ?ـ�

��-����. 

4. _����� l�7�# 9GgًM"` �< � �-�-J :��"$ 9  �@.S D��Q7�� _1     ��"ـ� �ـ� oـ	` R@$

*.� ��  �� g#�� _*0# :���*`150  P��200   :ـ���*` ��*� ��"� R@$1   6��%ـ�

��*!�n.  

5. �#*.� �� ��"�
� ����,1 �W�?�� �#�"5 h_��.K� ��e�. 

6 .�ً�B. 6��%!� ����� �� �#%, ����� ��"�7�� X#���� ��-	7�. 

7.G  h�� �� �.*#� #���� ) ,	-�� ���J�+��� ���*"-� � $g<7 �	�� $?�ـ�"�
� D��Q7�

�3# �"� b w#���� b���7J9� Y�*7�� w�	�7��W�?-�. 

8.G    ـ� #�ـ���#*.� �� �
�ـ"�� D��Q7�1       Vـ� ��!�ـ���7�� H*ـ4 ) �(ـ�$� ,-ـ-L7��

K� ��-	,�        :��
�ـ"�� ��7	-��#ـ� ���7ـ' ,�ـ?�L7�� 4ـ� Y.ـ� !�ـ��.*��0�� :�r��?.

������ ��8� !�. 

9.G �#*.� �� ��"�
� D��Q7�1  ��W�?�� Z��B�� ��7	-�ـ� �9/>ـ��    agb"ـ� #ـ�3  �!^�

bd�� :�,�? �� >� s��7,. 

10.�3#b  ��d?�� Y	.1   ��7ـ��� �#*.� �� ��"�
�G     ( :ـ����?�� �.?�,>ـ� �v#ـ��� Jـ*

��-7Q!� Z��B�� �"�,.  

  

  

 

   



  
  

      
 

  

      

    

  

 للنانو تكنولوجي في الدول العربية نموذجيدراسة استرشادية لاستحداث مركز وطني   
  

    
 

54 

�#�7�*.�. ��*� �#*+7� �5�7	!� Y#��)"-� �-M�S �<���Q7�K 1   :�?ـ�Q!� �#*+,
�����%��:  

•  :��/*�* 0, ���7/>ـ� �� ?ـ�: �ـ*�ء    # ��7ـ' e� � l�7.K �#���7Jـ� ���7ـ"��   �,+*#
 }��{ 0��S?ــLــ� 1� ���ــ#*.� �� �����#ــ� �ــ�  �1"ــ� #7ــ�n ��ــ���h  �<���Q7ــ*�

� ��?�ـM� ��.�7ـ� �� �7ـ��/�� ����*�ـ��: ���?*,��ـ�*���S      D	��e��!�  ��- �*�ءً
�&��^� D*����0��� =.%��� �#�����. 

• GX�-L,� �W?�, ��*� l�7. �#*.�.      �� �7	-�ـ� ����Jـ� �v#ـ��� �"ـUQ��� �<$���� ��"M�
K�� ��"M��
 �<,��e�*"� ���75� 0"� ��7` �*O. 

• �#*+, �� :��-Q!� �� �#*.� �� �0�-��� :�W#%/ l�7.G�� �����%  �<���Q7�5ـ�   �1ـ
:���UQ��� �<$����. 

• *.� �� =.%�� ���$S l�7.G �#*+,b �� >���Q7�1     �*ـ� ���ـM� ـ��e��!� ��� ��
.��*���'. 

•  I�O �#*+,z�,��S '�$����<�� :�"��/ ءgO (HA)   ـ� ���*�#ـ�� :�W#%@� �#*.� �� .
K� �@�.S 1 �*/*� _��� *& z�,��S '�$����&     w#ـ�e �.�ـ�_ �����ـ*�_ �#�7?ـ

�W�?-� .��@<7�� ��-"� b�3,    0ـ� �ـ�� h1 �!ـ�ء     zـ�,��S 'ـ�"�: ��>����$�ـ�/

�#�*����  Vd& 4#��7�� ���� _*0, F�5 hءo?� ��/��7� �� �#��, P�G12  �� f+�S ���
��,�/��7� �� v�L� �<��. �#�*��� �#�. 

• L7� �#*.�. :g���� �#*+,�e� ���� ��e��!�� :�,�? �� �#d ��vg��  ��K.7ـ�l   �7+ـ*#
���%��' � ��@�,��7�K� ��e��!� (�"&��^� n"	��� ء������ ��d�� �M. 

4.2.2.  *.� �� 4O �?7Q�: 

#�M"  *.4 �� ـ�O: (Nanomedicine)     ـ�: ��+?�ـ�	ـ� �� ـ�.*   ,-ـ= ��7+?�� 	7�h   6*7 ـ,�
ــ� ��     ــ� �@"*� � b*.ــ� ــ4 ��  ــ�9: ��+ @�7   hــ� ــ*�� �� �.*# ــ� �-" ــ�: ��+?� 	�?+  �ــ% </S�

70��.�ـ� �� �.*#ـ�   �7�9(����K�   :ـ�	7+?��� Pـ�G h  ?-�� �!5�7ـ�	.ـ�   �!�ـ7�	ـ�  �-7#*.� ��

��W#%@��.  4+�� >/�*, '7�� ������� :g0)!� _S 9G�"&S b*+ , h���M$ b*.� � �< R<` (


rــ� ��?�Wــ' ��-ــR ���ــ"*D �� ــ�.*�� b	Uـ�#� �!�7ــ-� �� Rــ� ���@ــ#���ــ� . �-"ــ*�� �� �.*�7
 ���� �0� �ً	?O :�#*��
� 4�,�, �0"# �?7Q!� �d<� �5�7	!� ��M�?�� :����)!�� �"$'-#:  

 :,*��e �����ء •

 Fــ ــ�g8: �5ــ ــ% �!ــ ــ� ,�,0ــ ــ� ��"-�ــ ــ� �� �.*#ــ ــ���ء ��+?�ــ ــ�� ��ــ )  ,*eــ

�#*+, :�"��@�� �S����, Z�<� ]��	�� �#*.�. :�W#%@�� �5�,K�   ـ�#*����Bioavailability  
� � -���ء��)#!� �d&n-+�      >ـ�&� `�ـ/�*, p*ء 1 �!0ـ�_ �!+-ـ����� :�W#%/ �/�*, P�G
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�U`S �< � ��a���� _*0, F�5 b�)?�� R�@�� �8�� .  ��$% �"-�� ,*��e �����ء ) v#ـ��,�
�#"0ـ�  . ��7*�`� ����*b �*�ءً ��
��$� ��R�@�� �8�� �e�Q �) ���� �ـ�� �v �ـ� ��� ـ�   

� ���J*7 �� 8ـg� ��9ـ7>��  ٍ�*�� =�c w�	�, 'ـW#%@�� Z molecular targeting   D��Q7ـ���
 ��� <!� �%</
��ً#*.�..  

  

• ��.�O���� D���
� �#*�,: 

 �#*.� �� :�"��@-� ��L��� R@��� n "# ��5 1[a��8  �M", �J  ��a�`  1ـ�� $?�ـ

R-� D���
�  �S�*0.
�'/*oncology  .��e�8 ��*��   �`� ـ��� ُ,�ـD�Q7   . 1 �@ـ�� ���7ـ*#

���*"0�� x�	 �� Quantum Dots    :�c ���5ـ�  /�ـ�"�: .�.*#ـ� [a�8ـ�   Hـ� �.?�ـ�< �� h

  Rــ @��� 'O�?ــ U.9� ــ*ء U�� size-tunable light emission    ��.�ــ�� � �ــ*# ــ�5?ً� �-�7 ��                     

ــ'�! ��O� LMRI �*e ( �*ــ ــ� ���� 0"# h��a� M7ــ �� D���
� Yــ J�*! .  =ــ -, _S Fــ �5

l�7�, 9� �#*U��� ��?e �ـ*{ �GـP ��ـ�� Nـ*    � �� �ً	#�� �M$S _*0, �#*.� �� :�"��@ء�� 

5��� |&*7��� ���r�� o	` .    |70"*��ـ� ,  ـ�� z ـ��#�*-��� x�	. D��Q7�� _S ' �# �d&�
*e�� �-07�� �ً #�?, �M$S� ـ e
� �� �JS    *$ �d1 #*� ـ� &ـ ���Q7ـ*#� �!�ـU��� ��? oـ�� 

>�-� w-+# �� �S �#�?7-� --B!� ���!� � contrast media ��
� =�c 1 '?-��� 4.�@�� _S 9G
 R^��� (*"0�� x�	 �� =-, _S 1 �M"7# =�c ��     ـ��� � ���� ^��?ً� �ـ� ,�ـ Y �ـ� � �eـ

�ً��",. 

• � 	7-� ��?+�� :�	�?+7���  �#*.� ����W#%@��:  

R-� �M"# ��W#%@�� �#*.� �� �.�	7�� �5G������� ������� :9�@� } ��-?	7�!�   Rـ-��

��� & ��.�0�q� R7<# bd��� �#*.� �� �.�	7�� ��W#%@�� :��"@!�    'ـ' ,-ـ= ��9: ��7ـ&� h

   b�dـ�� �S 'ـW#%@�� ]ـ��	!� ( ���!� 4�,�,� R�B , ���, .    .ـ� �� �.*#ـ��	7�� Rـ-� _S 9G

&�� YJ*, P�G P��# F�5 h�ٍ���� �ٍ/��� b�B. >.f� R�7# ��W#%@��  ـ�J '7�� :����789� ��

 �"� �� /S T�7	# >.S P�G �`�NK�� �#*.� �� �.�	7�� ��@� 1 D�َ	َ,ُ:9t��7-� ��-?	7�!� .

7��5 ��-ـR ��7	�.ـ� �� �.*#ـ� ��@%#�Wـ� �� >ـ� �!@"��ـ�:       	!� �e� ��� _S P�G �`�NK�� �d&

��W#%@�� *.� �� :�,*���� ������� :���	��� :��.�0�K� �� �ً�/ �����.  

• *.� �� :�,*���:  

�-"7�!� :��J*7�� _G    D��Q7�0.�ـ� ��ـ�G �*+?ـ'    ���*,ـ�: �� ـ�.*   5ـ�� �1 �!@ـ�

��L7� R��� �� 4+�� �<	�	�, R, ��5 1 .    *.ـ4 �� ـ�O ���7ـ��� Fـ� ,-ـ=     �5ـM� ـ��

 �#*.� �� :�,*���Computational Genes h)?�� ـ��@� ـ�: �!�*  �� >� ) �?�� �!�M�؛(��
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R�@�� �<� s��7# '7�� }������ ���N
� Z�)7$� �S TgeG Z�<� R�@��� �<�N� �g8 �� .

  V���S ـً� !ـ�	?O�   {7#�������ـ� �"�>ـ� ���7ـ �W#%@�� Yـ'h `ـRobert Freitas       _q ���ـ�: `ـ

�� b*.� �� :*������"�7!� '/c*"  D�-�  ��� �� P�G >"@5 ��#0.5-3  _
 =�c h�7����0��

    ��-�ـ"�T �ـ<    ��(ـ����: ����*#ـ�   &R@5 P�JS ��# R@��� �d �7ـ�T .�7@ـ� �7+-?ـ�: �"ـ

���!�� .n?�# �J� _*��
���' ��!�D�Q7 1 � �ء ,-ـ= �����*,ـ�: �� �.*#ـ�     ��0� �� ���


8ــ�{ �ــ?�� 2Sــ�0� ��0��ــ*_  � [aــ��Q�� ــ< ����8-�ــ� ����0 ــ� �����#ــ� �ــ�,*J �7@ــ�.

):�?$�� ]�!
� �#�NK�� �d& hـ�`� �GـS P_ ���*,ـ�: �� ـ�.* ,-ـ= �ـ�R7 ,�ـ ��>�        ����*��

�#*.� �� 470!� n+� Y.��"� s�L�� =�d� ���Q!��. 

  

•  s���S R-�P-0�� b*.� ��: 

 s���S R-�P-0�� b*.� �� Nanonephrology   .ـ� �� �.*#ـ��	4 �� �.* ���7O 6��` �5S *&

�� gً$ ��� 7# bd��� :  

1 (b�d�� }*7�!� ( P-0�� ��,��� :�� � �����.  

2 (P-0�� �#g8 �8�� �#*-Q�� :��-"��� ������ b*.� �� �#*�7�� 4����S� �8���.  

3 ( �@���� P�G �`�NK�� �#*.� �� :�"��@�� D�Q7�, '7��� �#*.� �� ��?+�� :�/g���
P-0�� s���S X-7Q� .  

 '7��� b�d��� 'W#%@�� }*7�!� ( �%</
�� ��*!� D��Q7��� Y� �, ��-"� _S �"$

    s��,�ــ� �ــ� �@ــ�9: �-ــ�S Rــ��s ��0-ــP       ��0-ــP ,�ــD�Q7 �7(ــ�Q] ��ــ�S lgــ

b*.� ��Nanonephrology ���7' 9ً��` �ً��� 4�-7�  1  ـ�� _*.��# �#d�� PN�!� lg�  Vdـ&


� s�� &ـ�d ���-ـR  &ـNK�� �dـ�`� �GـK� _S P.@ـ��v: �!7	��ـ� 1 �@ـ��       . 7�!� 1	?��

 �*5 �#*.�. :��*-�� �`*, '7��� �&�$c w����� :9�@!� =-, 1 :�`�)7$9� ( P ?7ُ�

��+?���ـ� ��NKـ�`� �GـP ���ـ�9:      ��0-ـ�W#%@�� ����� Pـ� ��Q-*#ـ� ��!��@ـ� 1 �"-�ـ�:     

��-7Q!� ��N�!�.  

��,� ـ�: ���@%#Wـ�:    ?-� ��a��"�0��� ��a�#%���� [a��Q�� p���7��� R<�, �g8 ���

8�{ ) �!�7Q!� �#gQ�� �� �#����� b�d�� }*7-�� � ـ�
P-0��    :g8ـ�� R�"0ـ� ,�ـ"# h

 s���S lg� 1 {`� 77� ��#�/ ��/g�P-0�� ����a���.  

  ��,�P-0��     >ـ	�	ـ�ء ��7?O
���7ـ"R-�# �ً`�& �#*.� �� ���� ��� .  n ����#ـ� �ـ� �

� �#*.� �� ���� <�� :�v�@.K�  ـ�,*����� Y� �7ـ� ���	7>ـ�    # ـ: �� �.*!7@��� ��7ـ' #"0ـ� �

 �8�� ��a� �� �ٍ�/g� :ٍء���/G v�@.G� d�� , P�G Z�<, '7��� �<�` R0�7���P-0��  �#�)?��

��W#%@��� �#*-Q�� :�#*7�!� ( .    ـ�#g8 Yـ� �ـ	7*�`!�� �#*.� �� �$��<�� R�"�, _S �"$
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��ء ���"-��: ����*#�/G ( ���	�� �<� _*0# '7��� P-0�� in vivo    ـٍ� #�ـ� �� �ٍ!�� �ٍ�*��

>	�	�, P/�# �ً�-?	7�� �ً`�& �ًU#S . ( H��5
� >�/*, ( ���	�� _S �B5g� 4@# � &�

�d�� PN#� #�ـ�.*_ �ـ�   !� ���5 ����, ( ���	��� ��!�b*-Q�� b*.� �� }*7 �>� ����0ء

P-0�� s���S. 

• ��.�O���� �#gQ�� P�G ء����� >�/*,: 
  

>�/*, w	�7#  h�J�� *.� �� :�� 	, D��Q7��� ��.�O���� �#gQ�� P�G ـ� �����ء� =�c� 

 wــ #�O3  hــ�� ��a� ــ� ��*Jــ� "<��S    ــ� J�* �� 1 'aــ� �"�0�� lgــ ــ� ��� ��/ Yــ N� R7ــ # _S

�#*.� �� )Nanocarriers(Q�� P�G ><�/*7� ��	�-� �	. ��5*$ D�Q7�,ُ �#*.�. ��*� '&� h �#g
�.�r� h�&��^ _�� ��.�O����+ـ�:  "� �J�* �� =-, n+� ( �/َ*#ُ _S �ـ� #�ـ"P �ـ ـ  ">�����

ــ� �a��"�0��" )Ligands(  ( Z�ــ �7, _S ــ� <7����� h�ــ ــ'    ��� � ــ� �& �-"��� 1 Fــ ��M��

":g?	7�!�" )Receptors(        _�� ��.�O�� ) �ـ+gQ�� n#ـ� ���ـ���7' ,*/ـ� �0"�ـ� $?�ـ
 � �� h�"�-���G :g?	7�!�� :�+�����ـ� ��ـ���ء �!*/ـ< ��8ـ�       ��ً�,��� ��/ ���h #ـG R7`ـ

�S _�� h��&� 7� �J�� ��.�O_ #�� �����ء ��� �#gQ���"�-��� �#gQ�� P�G.  
  

5.2.2 . *.� �� ��*� Y� �, �?7Q�NanoFab Lab.: 

 _G��.�7�7�� �M� ����a��� *.� �� ��*� Y� �7� �?7Q� %�<@, ��-��*.� ���  ��*/*.� ���
ــ�     &�ــ� �^� ــ*_ �� �.*# ��ــ0�� 4 ���.S� ��`��ــ ــ� ���@ ــ-��0 �� �.*# ــ�  ���� �"&
ــ� � � n?ــ eS

9�� ��/*�* 07�� _�"U� �#���7J�� H���
 �"7�� �#*",��-7Q!� *.� �� ���  l7ـ��, F�5 h
 ��*!� Vd&� ��-7Q!� ��"-��� D��J
�� ��M5�?�� �� �#��- F�5  n?ـeS    �& ـ�~ ��ـ' $?�ـ

 ��M5�?�� }��D��Q7�9    ��*ـ!� Vdـ� ��ـ�&�.�:       1&ـM� 7-�ـ�Q!� ���� ـ�: ���ـ	7+?���
� ��?e
����� �����%�� :�?�Q!�� ـ� ��� ��7(��� ���? �ء�.��70�K� :��� �  ـ� ����ـ�J�+ :���

��a�dL�� :��� ���� �W�?���.  

3.2 .���B �� Z�L��� ���?0�� ��U�7�� �%</S� ��*!� [�Q)7� �#%$�!� ����!�:  
 

1.3.2 .*.� �� ��*� \�*8 ]��J �"��:  
�"�!� �d& _*07#    ـ����a��� �
/>ـ%� �")#� ����` ����� �,�ـD�Q7   ��7ـ' �� ��

��Q),� X�e*7] �!*�� �� �.*#� �,��#ـ� ��Qـ*�\ �!*�`*�*/�ـ� ���7�$�?�ـ� ���? ��aـ�      
70��.�� �#"?O �"), _S �0	�0�K �ً.��: $ـ� ���ـ�   �K�� ����<0��� ��a*U��� ��0�.�0�!��

 p*0���0�!�K�'.��70�  p*0���0�!�� n��!� 'ـ.���� �`ـd �/>ـ��J vـ�[ �5ـ*�      �70�9
��� ��2
� p*0���0�!�� �� �'.���� �c	�J� �#�d�� }*ـ�[ ��Qـ*�\ �!��0�.�0ـ�     �70�9

������ ��-�7�� �%</S�b  �</�(ZETA)  ��rf, ]��J�(HALL)  Vd& �-M�S ��� � /ـ��� ( �
/>ـ%

2-4( :  
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 ���/)2-4 :( �5�7	!� �%</�� Xe�1 �<�a���� *.� �� \�*8 ]��J �"��  

v�<@�� ����� Equipment Name 
 p*0����� �`ـJ��� �c dـ�    �70�9��.ـ' �!�0

������� �	��[ JS �J�� *.� �� ��*!� R@5ـ�  

 ��0.2 nm. 

High Resolution Transmission Electron 

Microscope (HRTEM). 

�5*� �
2ـ�� ���ـ� �� �	�ـ�[     ]��J v�</
a� ?�� 4�$�7��' �  p�5ـ�� �#�7�*.� �� ��*"-

?�� R@5:��*-.  

X-Ray Diffraction. 

/>��J vـ�[ �v�#ـ� �K,�ـ�� !��`ـ� 8ـ*�\      
�`� 8*�\ �!ـ*��  �� ��*"-� '�+��� �,*7��

  .�!�?� �����0&� �-"�ء

Contact Angle/Pendant drop. 

�`�M0�� ]��J v�</.  Density: Helium Pyconometry. 

 p*0ــ���0�!��K�'ــ.���!��ــn �#�ــ��  70
ء $�.ـQ��  z*�\ �!*�`*�*/�ـ� �-"ـ*�� �ـ*�   

�?-e �S I*��� �S w�J� �02 ^(�ء (.  

Field Emission Scanning Electron 

Microscope. 

 �� �ــ e� ��� ــ� �-�, vــ� ــ��  /> 2
� D��Q7ــ �
   p*0ــ 0���ـ�!�� wــ ــ* �-�ـ ــ� �� �&ـ ���ـ

K�'.��70� n��!�.  

Energy Dispersive Spectroscopy (EDS). 

ــ�    `�ــ� �� !� ��� ��a*ــ U�� ــ�� 2
� vــ� </
7�$�ــ4 ��aــ�  '��? ــ�J�O �gــ� 8ــ� ��-"ــ��

o����.  

X-Ray Photospectroscopy (XPS). 

 D�Q7�# v�</ *&� %$�!� 6��)�� _*#S v�</
 �ــ*# ــ�   �7-�1 �.��70�K� :��� ــ ــ�� ��� @�

��/*�*�?�� :�	�?+7��� ��*!� D*-��.  

Focused Ion Beam (FIB). 

   D�Q7ء �#�ـ��� ��z�, ��2 ���"ـ#�*` v�</
ــ�:   ?$�ــ����o �ــ�� �! �`ــ� ��7�$�ــ4 ����!

��!ــ*�� ����*#ــ� ����`ــ� .�ــU���  4ــ*#� 
  .�!�ء

Fourier Transform Infrared (FTIR). 

ــ�_ !��`ــ�   ��� vــ4 />ــ��$�7��h'aــ� �"�0�� 

2ـ�0�h ��+*� �,�ـ��  �    :g7?-ـ*� ����7ـ����

��W#%@��.  

Raman Spectroscopy. 

     Z���ـ zـ� ,�ـ#��� ,Q�� ]��J v�</Thermal Analysis (TGA, DSC, TMAـ*�\ ���
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��-7Q�.  DTA). 

�e� ��� R@5 ��-�, v�</.  Particle size analyzer. 

 �</ ]��J v�</�7#v.  Zeta Potential. 

���+��� �5��!� ��-�, v�</.  Surface Area analysis. 

 \�*Q�� ]��J �%</S��0�.�0�!�.  Mechanical properties. 

�#*.� �� ��*!� ��ge ]��	� v�</.  Nanoindentation. 

a*U�� p*0���0�!� v�</'.  Optical Microscopy. 

�	�J��� ��)^
� ="� ]��J v�</.  Optical Profilometry. 

�#�d�� �*	�� p*0���0��.  Atomic Force Microscope (AFM). 

   a*ـU�� Xـ�[ ��+�ـ�J v�</' 1   ـ�	+ !�
 ��@�� ?�� I*` ��2
�– ��a�!�.  

UV-Vis Spectrometer equipped 

with integratingsphere. 

  

 

2.3.2 .���?0�� ��U�7�� �%</S �����:  

 

 ���?0�� �%</
� Y�"@, R7# _S �U�#1  �%</
� ���� R@�� �ً	?O �M$S �S �5�� �"��
 ���7� =�c��         wـ	�, Pـ����7 75ـ�� ��Lـ��.� �,(ـe |��������Q7,>� ��ـ>*�� �NـY �ـ

 �< � �*/�!� ��a����1 �   ـ� �ـ�?-+��� ��M5�?�� �� ��� �?$S ����7��   ��ـ���Q7>� �,ـ*`�
 R0�7�� ء�*� �<-�L)7� �?�� !� �W�?��1  :�v�L�� ��`*,� ��*O���� ����!� ����5 :�/��

 �� s�L-� �ً	?O ����!� =-, R��	, �0"#� �&��^� ��L)7-� ��*-+!��   6*ـ.� �<���Q7ـ�
 �%</
�'7�� P-#�� =�c �-M�S ��� �<#*7�,:  
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1.2.3.2 .�	�J��� ��)^
� �"��:  
*7�# _S �0"#�b  ��U�, �%</S �� ��*"@� ( �"�!� �d&   :�c ـ�	�J�
^(ـ�� ���

9� D��Q7ــ ــ�  �1 �.��70�K� :��� ــ ���h  ــ�� ــ��� ��7 @���'    �ــ% </
� Vdــ ــ� �> -M�S �"ــ U7#
�-"7�!� �<,�	�?+,�:  

 ���/)2-5 :( �5�7	!� �%</�� Xe�1 �<,�	�?+,� �	�J��� ��)^
� �"��  

  v�<@�� R�G  w�?+7��  

1.  Magnetron, DC & RF 

Sputtering. 

a�#%���� ��Q?7�� '
^(�� ��J	ـ� �ـ� S$��ـ��    

 �M� _���!�ZnO, ITO   4ـ���� �e� ��� =�d$�
ــ��    ــ� ��?g,ـ ــ� �Mـ ــ��+�I �����#ـ ــ� �ـ �&ـ�Q?,

_*0�-���� D*�.�?��*!��.  

2.  Thermal Vacuum Evaporation, 

Electron Beam. 

����Q?7 a�#%���� '     ـ�#��7�� zـ�, �� �ـ� M$S �Sـ
ــ�   �Mـــ� ــ� ����Uـ ��ـــd&4 ��� �ـــ�[ ��� �0ـ

�� ?�+ــ�:  �1ــ���Q7>� $+?	ــ�: �*eــ-� 9
��.��70�K�.  

3.  Chemical Vapor Deposition 

and Plasma Enhanced 

Chemical Vapor Deposition. 

��Q?7�� a��"�0��'  :�?$�!�� ��*!� �� �#��-�
�,�Uــ�� S^(ــ�� ��J	ــ� �ــ� �ــ*�� �J :�c"ــ� 

��`��@�� �M� �����.  

4.  Laser Ablation Deposition.  �?-��� �� ��*� ���vG ��-"� '&) �a���� �� �S
�.��5S (��    2ـ��f� >ـ���), w#�O �� n+���

�%��    ��Qـ�, R7ـ# h��Q � �%�� w`� ���5 1

�%�-�� �J�O �� ���!�  �1  ,�7ـ��Q?7,� �S  Pـ
w`� ���5 ��-�%� ���ـ��'h �ـ��� �ـ� #ـR7 ,�*#ـ�      

��vg?�� P�G ��*!� Vd& . 7ـ������'    �#ـU�, R7ـ�
�J� ــ��)^S  7-�ــ�Q� ��*ــ� �ــ� �ــ	1  R5@ــ

*.� ��.  

5.  Atomic Layer Deposition. �'ــ&   �S^(ــ�� ,	 �ــ� ����ــ� ��@ــ*�� �U�7ــ�
ــ� ــ�   .�.*#ـ ــ*�� �+�#	ـ ــ� ��c: �!ـ ــ� �ـ ��J	ـ

��a��"�$.  
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2.2.3.2 . ��+��� _��`
� �"��:  
*7�#b     ـ*�ء ��� ـ� �ـ�/S z�,� ������� �/�� ����� _��`
� �� ��� ( �"�!� �d&

     �&��7�#� O?	ً� �-7+?�ـw ��-"ـ*�� �!ـ��� ,�Uـ��� z�, �S _*/�
�� ��/��7� �� �M� :�v�L��
-8���� _���� R@5 XJ*7#�'  ـ��"$ (     �&�h �5ـS F_ &ـVd   �!ـ*�� �� �.*#ـ� �!ـ��� ,�Uـ�
#��� _*0, _S �0"# _��`
�-"�� Y� �, ��-"�� ��0"��: ��	*�� �ـ� �ـ*�� �� ـ�.*     '� /��

�0�-���� ��.�7�7�� �M�     ـ*_ �� �.*#ـ� ��� �.*/*�ـ�����`�� �S.���ـ0�� 4@��� =������*.� ��� .
0��#� �,�*#->� !*�� .�.*#ـ� �0"�ـ�:   �!� ��*!� ���07� �ً�/ ���& �<��*.f� �5�+!� �U#S

?$ ���� ���J ( �"7�, ��a�J"ـ� �ـS R&f.ـ*�6 �
`ـ��_ ��!+ـ��5       '�`�"� #-. �!+� ��
'7��  �/�*7, _S �0"#1 �"�!� �d&:  

  

 ���/)2-6(  : �5�7	!� �%</�� Xe�1 �<,�	�?+,� ��+��� _��`
� �"��  

   �S _���� 6*.
� �+!�  

�"7�!� w�?+7��  

1.  Drying Furnace.  �/�� �� �#*.� �� ��*!�� :� ���� X��@, P75 �`�L�� ����5300 

�#*W� �/��.  

2.  Muffle Furnace.     Pـ�G >ـ� �ـ`�L�� ����5 �/�� ��, _S �0"# �ً#���5 ��%�� _�` *&�

1200 */S z�, �"�# _S �0"#� �#*W� �/���  7-�ـ�Q� :�v�^ �� ء

p*-+!� w�?+7�� ( >"@5 �"7�#�.  

3.  Temperature 

Controlled, 

Atmosphere 

Controlled Furnace. 

�'&  R0�7�� R7#� ����� �%� ���J :�c _��`S1    ������/ـ�: ���ـ

 w#�O �� �ًO*?&� �ً�*�eTemperature Controller   R0�7ـ�� =�d$�

1  :�v�L�� 6*.'7��     _S ـ��8->� �#"0ـ�� ����Y`� R7# ��/�: ���ـ

 P�G ������� :�/�� ��,1800 – 2000 �#*W� �/��.  

4.  Vacuum Furnace. �'&       Pـ�G �����7�#ـ� �,�ـ� ��/ـ�: ���ـ�� z�, �"�,300   ـ�/��

�#*W�.  

5.  Planetary Ball Mills. ��,   ��aـ�)�� �#��0�� �5�+!� �� �LeS ��?$*0�� :��0�� �5�+�

*�� �,�ــD�Q7 �(ــ���S �0ــ' 7Q!� 1?ــ��: �+�ــ� �� ــ� �!ــ

�/ ���Le D�@5S P�G 9ً*e��ً .   ـ� ��0*$?�ـ�#��0�� � �+!� _*07,

�$ـ%b ) �ـ�   � ��^ �0)� �?,�� �J
� ( ��5�� ��O ��/ ��

{")�� �-@� P"�# .  

6.  Ball Mills.      � ـ��+� D�Q7ـ*6 �ـ� �!+ـ��5 ,�ـ. '& �#��0�� � �+!�  l%ـ�

.��5S��ُ     _1 �"-�ـ�: ,-?ـ�} �!�ـ�� �<���Q7�9ـ ��*!� o-Q� h

 pــ���
�� h:�.�&ــ����=����h ���7-?�ــ� �7.9	ــ�a' �� ��#ــ�h ����ــ�

�%�-��� .Z�% 7�9�� ��rf7�� S�?� ( �"�# >.G :  Rـ@��� ��-	, R7#

 o	�, F�5 ��rf7�� w#�O ��p�	��� :��0�� ZgL�� �"J ��.  
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     �eـ ���: ,7+-ـJ� 4ـ� 2ـ�#�

Micro/Nano Electromechanical Devices, Optoelectronic  

     b�7���
/>ـ%� ���7	 �ـ�: ���vgـ� �-�7ـ �Y �!ـ�0#� ��`*, P�G Z�<,�   b���� ـ�.*�7
�`ـ�   L�� ـ�ء	. �/��� �	�J� :��e�*� YN� ( =�c �"7�#�

+-ـ4  #7 ��7ـ' ,-= �!*�eـ��: ��	���ـ�� �  

&ـ* S) ��/ـ�: �� �B`ـ� cG ,7+-ـ4 ,*�/ـ�      
� ���@��� nN*� *& �"$ ���B �� �`�'&  n-�,

Microprocessors and Integrated Circuits  gًM� �" ��Class 1000  

Class 10000   *ـ�# _S 0ـ�"#b 

^(ـ�� ����J	ـ� S� �!���ـ� ����*#ـ�     � ��U�7� �ً	��� �<��G �.�2S '7ـ�� 

   ( ��`� �� ���B ,�7"� �(ـ�0 �?�2ـL-�

 �� �5��"� ���B. �`�L` =�d� h200 – 300  �7�

70��.�ـ�   /%ء � >� �*Z ,0*_ � ��?� �?�� ��7+?�	ـ�: �K�

    }�70��.�ـ� �
8ـ�K�� ـ�#*���� :�	�?+

 ��.�?�G ����@� ���B �� Z�L�� �5S
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���B �� �`�L��:  

�#*+7� ���<�� :�	�?+7�� �� ���B �� �`�L�� �?7�, Sb      �eـ ���: ,7+-ـJ� 4ـ� 2ـ�#�

 U�,Micro/Nano Electromechanical Devices, Optoelectronicــ�� .?�+ــ�: �� ــ�.* �Mــ� 

     b�7���
/>ـ%� ���7	 �ـ�: ���vgـ� �-�7ـ �Y �!ـ�0#� ��`*, P�G Z�<,�
��	. Y� �, �W�� 1 D�	7!�    ـ�`�L�� ـ�ء	. �/��� �	�J� :��e�*� YN� ( =�c �"7�#�

��7�� ���@�� nN*#� �����	�� :��e�*"-� �ً	?O'   � ـ�����	ـ��: ��e�*!� =-,

���B �� �`�L�� �8�� �&�/�*, .  gًMـ"`Class 1       7+-ـ4 ,*�/ـ�, cG ـ�`�B �� :ـ�/�� (S *ـ&
L�� �8�� �#��?L�� :��d�� �� �ً�/ �-�-J ��"$� ���@��� nN*� *& �"$ ���B �� �`�

 Y� �, �M� � ��� :�	�?+7�Microprocessors and Integrated Circuits

  D�Q7ـ ���:  �1ـe MEMS and NEMS    _S ـ�"$Class 10000


^(ـ�� ����J	ـ� S� �!���ـ� ����*#ـ�      ��7'� ��U�7� �ً	��� �<��G �.�2S
 :�	�?+7����?+�� . ��-07����-0��    ( ��`� �� ���B ,�7"� �(ـ�0 �?�2ـL-�

�`�L�� R@5� ��*-+!� �����	�� : �� �5��"� ���B. �`�L` =�d� h

Class 1000  gًM�1  :ـ�	0*_ � ��?� �?�� ��7+?�, Z*� �< � ء%/

 _*0# _S �0"# �70��.�ـ� �
8ـ�{    Class 1000 �� ��?�7"� ��@%ء ��8�K�� ـ�#*���� :�	�?+

���	 �� �� ����� �/�� 4-+7, 9  �02 ��?#�)2-1 ( ��.�?�G ����@� ���B �� Z�L�� �5S
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3.2.3.2 .���B �� �`�L��

 

�#*+7� ���<�� :�	�?+7�� �� ���B �� �`�L�� �?7�,

,�Uــ�� .?�+ــ�: �� ــ�.* �Mــ�  1

Devices      b�7���
/>ـ%� ���7	 �ـ�: ���vgـ� �-�7ـ �Y �!ـ�0#� ��`*, P�G Z�<,�
��	. Y� �, �W�� 1 D�	7!�

��7�� ���@�� nN*#� �����	�� :��e�*"-� �ً	?O

���B �� �`�L�� �8�� �&�/�*,
L�� �8�� �#��?L�� :��d�� �� �ً�/ �-�-J ��"$

 Y� �, �M� � ��� :�	�?+7�

 _S 0ـ�"# ,  D�Q7ـ�
 ���?0�� �%</
�'7��

 D�Q7�,1  :�	�?+7��

��e�*!��`�L�� R@5� ��*-+!� �����	�� :

 :�c Y���Class 1000

 �� _*0# _S �0"# �"� ��@%ء ��8

'7�� ���	 �� �� ����� �/�� 4-+7, 9
�-	7�!�.  
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 �02)2-1 :(�-	7�!� �.*-2�� ����@� ���B �� �`�L�� ����� �5
�*e Class 10000 -
��.�?�9� �0-"!�  

CLEAN ROOM CONDITIONS

Cleanroom is classified as ISO 7 

which corresponds to a Class 

10,000 Cleanroomaccording to 

FED STD 209E.
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4.2.3.2 .a��"�0�� ��U�7�� �"��' a��"�$��<0���':  

?	ـً� �-7+?�ـw �!ـ���    O )�!�>ـ� -�!�$ـ% (S1_ #07ـ��   #"0ـ� �&�d �� *6 �ـ� �!���ـ�   
 '���0"�ــ�a&ــ�d �!�"ــ� ) /"�ــS Y/>ــ%� ��U�7ــ��   b�#"0ــ� S_ #�7ــ*h ����ــ*� �-�ــ<
a��"�$��<0���' � �"$'-#: 

 ���/)2-7(  : �5�7	!� :�%�<@7��� �%</�� Xe�1 a��"�0�� ��U�7�� �"��' 
a��"�$��<0���'  

  %�<@7�� �S v�<@�� R�G  > � s�L��  

1.  Chemical Hoods equipped with 
Schlenklines for nanocrystal 

synthesis. 

 �%<@� :�v�^ 4����� :g�e*7� ء���<0��

   �ــ� ــ��v: ���ــــــ ــ�ء ���Lــــــ ��!ــــــ

 �Hotplatemagnetic Stirrers �Glass Wareـ

� �� 	�x ��0"�� �� �.*#ـ� ��!ـ*��   �U�7�

D�� �0)� �#*.� ��.  

2.  Glovebox for Chemical Manipulation. ��U�7� � ��� :��e�*"� D�Q7�#  ��*�

ــ� �  �a��"�$ *.ــ� ــ'��  ــ*�   ��7 /*� lــ� 7�,

�M� �-��8 :�v�^  

Pervoskite,. Li-ion materials 

3.  Glovebox for thin film deposition. �	�J��� ��)^
� ��U�7� D�Q7�#.  

4.  Spinner Coater. �	�J��� ��)^
� ��U�7� D�Q7�#.  

5.  Balances (0.00001 g). �ً�/ �	�J��� :��"0�� _v*� w�J� _�%��.  

6.  Programmed Potentiostat/Galvanostat 

Equipped with reference electrode, Pt 

Counter electrode, Electrochemical cells. 

ــ�    ــ*�\ ��0>��$�"���aــ ــ�[ ��Qــ �	�ــ

9� >���Q7�1 *Q�� ]��J ـ����0�� \� 

 g8#ـ� ��*Jـ*�h  h ,+?�	�: ��?+��#ـ�:  1

!� �	a�` :��M0C�� h����� ...  

7.   Glass Ware, Funnels, Safety goggles and 

safety equipment, Beakers 

 Erlenmeyer flasks, AKA conical flasks, 

Florence flasks, AKA boiling flasks, Test 

tubes, tongs, and racks 

 Watch glasses, Crucible 

 :����� :��/�/v �� ��L), :��%-7��

�&ــ� �7(ــ��L 78?ــ�� ��Sــ�_ �S.���ــ4 �^�

�ً�a��"�$ ����!�.  
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 �02)2-2 :(�*e RU, �M#�5 7@>�%�: �!�"-�� !���� $�"��ء�� H�5S  
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5.2.3.2 . �"�� ��U�,�#*���� :� a�0��:  
  

 ����!� �� 6* �� �d&�D�Q7�# 1 )%$�����*#ـ� �!7Q-�ـ�    :�-7+?�	�) �!�>�-�!
h�#*.� �� *7�# _S �0"#�b  ( �"�!� �d& �"$ �%</
� ���'-#:  

 ���/)2-8(  : �5�7	!� :�%�<@7��� �%</�� Xe�1 �#*���� :� a�0�� ��U�, �"��  

   �S v�<@�� R�G
%�<@7��  

> � s�L��  

1.  Incubators The purpose of the incubator is to provide the appropriate 

environment for cell growth.  The incubator should be large 

enough for your laboratory needs, have forced-air circulation, and 

should have temperature control to within ±0.2°C.  Stainless steel 

incubators allow easy cleaning and provide corrosion protection, 

especially if humid air is required for incubation.  Although the 

requirement for aseptic conditions in a cell culture incubator is not 

as stringent as that in a cell culture hood, frequent cleaning of the 

incubator is essential to avoid contamination of cell cultures. 
2.  Storage A cell culture laboratory should have storage areas for liquids 

such as media and reagents, for chemicals such as drugs and 

antibiotics, for consumables such as disposable pipettes, culture 

vessels, and gloves, for glassware such as media bottles and glass 

pipettes, for specialized equipment, and for tissues and cells.  

Glassware, plastics, and specilized equipment can be stored at 

ambient temperature on shelves and in drawers; however, it is 

important to store all media, reagents, and chemicals according to 

the instructions on the label. 

3.  Refregerators For small cell culture laboratories, a domestic refrigerator 

(preferably one without an autodefrost freezer) is an adequate and 

inexpensive piece of equipment for storing reagents and media at 

2–8°C.  For larger laboratories, a cold room restricted to cell 

culture is more appropriate.  Make sure that the refrigerator or the 

cold room is cleaned regularly to avoid contamination. 
4.  Freezers Most cell culture reagents can be stored at –5°C to –20°C; 

therefore an ultradeep freezer (i.e., a –80°C freezer) is optional for 

storing most reagents.  A domestic freezer is a cheaper alternative 

to a laboratory freezer.  While most reagents can withstand 

temperature oscillations in an autodefrost (i.e., self-thawing) 

freezer, some reagents such as antibiotics and enzymes should be 

stored in a freezer that does not autodefrost. 
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5.  Cryogenic 

Storage 

Cell lines in continuous culture are likely to suffer from genetic 

instability as their passage number increases; therefore, it is essential 

to prepare working stocks of the cells and preserve them in cryogenic 

storage (for more information, see Freezing Cells).  Do not store cells 
in –20°C or –80°C freezers, because their viability quickly decreases 
when they are stored at these temperatures.    

There are two main types of liquid-nitrogen storagesystems, 

vaporphase and liquid phase, which come aswide-necked or narrow-

necked storage containers.  Vapor phase systems minimize the risk of 

explosion with cryostorage tubes, and are required for storing 

biohazardousmaterials, while the liquid phase systems usually have 
longer static holding times, and are  therefore more economical. 

Narrow-necked containers have a slower nitrogen evaporation rate 
and are more economical, but wide-necked containers allow easier 
access and have a larger storage capacity.  

6.  Cell Counter A cell counter is essential for quantitative growth kinetics, and a great 

advantage when more than two or three cell lines are cultured in the 

laboratory. 
7.  Laminar Flow 

Hood 

 

A laminar flow cabinet or tissue culture hood is a carefully enclosed 

bench designed to prevent contamination of semiconductor wafers, 

biological samples, or any particle sensitive materials. Air is drawn 

through a HEPA filter and blown in a very smooth, laminar 

flow towards the user. Due to the direction of air flow, the sample is 

protected from the user but the user is not protected from the sample. 

The cabinet is usually made of stainless steel with no gaps or joints 

where spores might collec 

Such hoods exist in both horizontal and vertical configurations, and 

there are many different types of cabinets with a variety of airflow 

patterns and acceptable uses. 

Laminar flow cabinets may have a UV-C germicidal lamp to sterilize 

the interior and contents before usage to prevent contamination of the 

experiment. Germicidal lamps are usually kept on for fifteen minutes 

to sterilize the interior before the cabinet is used. The light must be 

switched off when the cabinet is being used, to limit exposure to skin 

and eyes as stray ultraviolet light emissions can cause cancer 

and cataracts 
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  الثالثالفصل 

  مركز وطني الخطة التنفيذية لإنشاء

  نموذجي للنانو تكنولوجي
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 مقدمة الفصل الثالث

��/*�* 07��� ��M�?�� >��<�h  *<` '��7����
ــً�     �"#��$S gً�&fــ ــ� , -&3� �#�ــ )� �ــ� ��J 'ــ  ?#
�,0 *�*/�ــh�ً $"ــ� S.ــ< �ــ*Z #	ــ*D �">��ــ< 1 
 ��2�, �g8 �� ��/*�* 07��� ��"-��� �$��)!�
2�.� 1 ����ـ�  S �"$ �M#���� ��"-��� :��?7Q!�
 YN� 1 ���` �0)� R&��, Z*� P7��� '.�M��

ــ� ���  �#+ـQ�� ( 'ــ ــ� �����ـ ــ�d ��?-ـ ــ� &ـ �!�ـ
    1 Hــ� ��
� �ــ ). �gــ ــ� 8 ــ�.*,0 *�*/' �  -�
��ــ���#�: ���-"�ــ� ����!�ــ� �,�ــ@�� �ــ��ء�:     
    R7#ـ �ـ�"�S ���� pd6 ! 7@�: ��7"-� ,@ـ��78K�
ــ*    ــ� �& �/*�* 0,*.�. :�$�ــ ــ�ء 2 ).K R<-#*ــ ",

�"��� �d& �$ �� P"�
� Z�<�� .  
    Zــ�� ــ�#� ��
&ـ ــ��� ���	Uـ ــ� �����ـ �t#ـ��

ــ��K�  Tــ7��,�@�� �����ــ� ��� ���ــ� �-"�$ــ% �!	7�
'-# �"�` �<��Q-, �0"#:  

�#t���:  
�$% ��aـ�ً� JG-�"�ـً� �����ـً� $"�$ـ%     !� _*0# _S
 ��*!�� *.� �� ��/*�* 0,� D*-� 1 '/c*". %�",
����ــ� ��07�Kــ�� 1 �!@ــ�� �-"�ــ�&"� 1  *��
� �,*��� ,0 *�*/��: �7	��� �,�-ـ�R /�ـ�   #*+,


�"ـ�� � ����� ��@#�Q�� �� �&3�    ��ـ�#>R ��	ـ��
��/*�* 07-� ��#�/ I�*�S w-8� ���#��� (.  

�������:  

  �ــ*# ــ� �,+ـ ــ�&"� 1 , "�ـ ــ*D  �!�ـ �-ـ

      �gـ-� �ـ� 8ـ��� :�c ��*0 *�*/�� �� ـ�.* ��!ـ,�

���7ــ��_ �ــ�� ��?ــ���M5 �ــ�!�$% ��Uــ>R ��ــ?�� 

ــً�   �-�� ����$ــ�d= �ــY ��@���ــ�: ��!��$ــ% �! ــ�

�ً�����.  

 

,��eـــ�� ��Q+ـــ� &ـــ�d ����ـــ� �ـــ�7 ��� 
*.� -� '/c*" �� P O*�� %$� ��K �#d�� 7.(�ء �!

 1 '/*�* 0,����9#*/ـ� �>ـ�   ���7ـ'   ����� ���
 Vd& �� ���7�, _S �0"# '7�� �S %$��!� Vd& �M�

�<� ��*/*!� %$��!� o+8 �#�@7� �������.  
��d�� 7�� �+Q#ـ� , ? ـ' ) G.(ـ�ء ��$ـ%     

 �� zـJ*�� {�. 1 'M��� '"#��$S   ]ـ��"# Fـ�
     �
$��#"�ـ� Q, 1ـ�#| Oـpg �-"�/�ـ�7� >��<�

��5�. �� V��*7$����h   ]ـ��"# }�8
� ��5� �� ���
��/*�* 07��� ��M�?�� >��<�h  ' ?# *<` '��7����

  h�ً0 *�*/�ـ,� �ً�"#��$S gً�&f, �-&3� �#�)� ����J
 ��"-��� �$��)!� 1 >��<"� D*	# Z*� >.S �"$

 �g8 �� ��/*�* 07��� ��"-��� :��?7Q!� ��2�,
 Z*� P7��� '.�M�� ����� 1 �.�2S �"$ �M#����
,��&��` �0)� R� YN� 1 &ـ�d ��?-ـ� �����ـ'    
  �g0 *�*/' �� 8ـ,*.� -� ��!���� �+#�Q�� (
ــ�     ــ� ����!� ــ���#�: ���-"� �� 1 Hــ� ��
� �ــ ).
  pd6 ! 7@�: ��7"-� ,@ـ��78K� :ء���� ��@�,�

ــ*#-   ــR7 ,"ـ ــ�� #ـ ــ�$�:  ���� �S"ـ ــ�ء 2ـ >K R.(ـ
    �dـ� $ـ� &ـ� P"�
� Z�<�� *&� ��/*�* 0,*.�.

�"��� . 

&ـــ�d ����ـــ� �ـــ��� 7� e��,ـــ�� ��Q+ـــ� 
*.� -� '/c*" �� P O*�� %$� ��K �#d�� 7.(�ء �!

 1 '/*�* 0,����9#*/ـ� �>ـ�   ���7ـ'   ����� ���
 Vd& �� ���7�, _S �0"# '7�� �S %$��!� Vd& �M�

��!� o+8 �#�@7� ��������<� ��*/*!� %$. 

��d�� 7�� �+Q#ـ� , ? ـ' ) G.(ـ�ء ��$ـ%     
J*�� {�. 1 'M��� '"#��$Sـz ���ـF #"ـ��[    
     �
$��#"�ـ� Q, 1ـ�#| Oـpg �-"�/�ـ�7� >��<�

��5�. �� V��*7$����h ]��"# }�8
� ��5� �� ���  
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 P O*�� %$�!� >/�*, P7�� ��@�,��7�K� �#�U	��'/*�* 0,*.� -�:  

1. %$�8�#+� ���-*G  O� ''/*�* 0,*.� -� ���J  D.(�ء � ( '����� �-?�� YN� (

'/*�* 0,*.� �� ��@� 1 ��07�K�� ��/*�* 07���. 

2.   ��!*�v.ـ�: �!+-*�ـ� K.(ـ�ء �!�$ـ% �ـ� �?ـ�.' �S/>ـ%� ���ـN          :��%-7ـ"�_ ,ـ*`�

 �+8 T�@. _�"U� �"��� :���S� :�#��"�$ �� ��L)7��$� .%G.(�ء �!


�"ــ�� #�ـ�&"*_ 1 �!��`ــ�      ,>�Wـ�  .3� ����� ��M5ـ� /�#ــ� �ـ� ���-"ــ�ء ���?ـ��/

 �e�Q�� ��"�
� ) ��ء ���	�� R<#��� '/*�* 0,*.� �� ��@"� �e�Q�� ��/*�* 07��

%$�!� l�7.G �� R<�. 

��$% ��?�ـ*�c H: ���ـ-� ���Q7ـ�:     .4�� :����@�� Y� '������ '-�!� _���7�� �#*+,

!�%$�.  

5. �
$��#"�ـ� �����K#ـ�         ,+*#� :��� �!ـ*��� ���d,�ـ� �7(ـ@�Y �,���ـ% ��Q?ـ��#%� :����

%$���� ���+�ء ��!"7�9. 

 

����a��� ��@�,��7�K� Z��&
�:  

1.  Z��&
�� ��@�,��7�K� �#�U	�� w�	�, _�"U� ������ ��-�� �#*", ����� �� F�?��

%$� .��G R7# �<-/S �� P7.(�ء �!

7�$�ـ% )    ��%���7 .2�� wـ#�O �� %$�!� [�Q, :9�@� 1 %�"7-� ��M5�?-� �"7�!�
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