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1� ���ro�����o� 
   �nGa� ba�e� �e�i�on���tor� �ave a �ire�t ban��a� t�at 
�an be t�ne� a�ro�� t�e entire vi�ib�e ��e�tr�� t�ro��� a��oy 
en�ineerin� an� t�erefore are very intere�tin� for �o�i���tate 
�i��tin�� ��e �erfor�an�e� of ��rrent ���� �ay be in�rea�e� 
t�ro��� t�e ��e of nano�tr��t�re� an� nanoro�� ��i�� �oo� 
�ro�i�in� for t�e inte�ration of �i�� effi�ien�y �evi�e�� �a�
noro�� e��ibit �reat �ro�ertie� ���� a� an effi�ient �train re�
�ievin� �a�abi�ity� �ar�e ��a�e �ro�t� on �atti�e �i��at�� 
��b�trate� an� �ore���e�� �tr��t�re� �an t�en be �on�i�ere�� 
�ti��, t�e �ro���tion of nanoro���ba�e� ���� �evi�e� fa�e� 
��a��en�e� ���� a� �o�or �i�in� t�at are re�ate� to �or��o�
�o�i�a�, o�ti�a� an� e�e�tri�a� �ro�ertie� ��i�� are �in�e� to 
t�e �ynt�e�i� �ro�e��� �ere �e �o��are t�e �ro�ertie� of 
�nGa� ba�e� nanoro�� �it� a ra�ia� �ore���e�� ���� �tr���
t�re �ro�n by �AG �it� a a�ia� �nGa��Ga� ��� in Ga� 
nanoro�� �ynt�e�i�e� by a to� �o�n �ro�e�� 

2� ����r������� ����o� 
�

Selecti�e���e������t������������������ �
�

Gro�t� e��eri�ent� �ere �erfor�e� on �i�� ��� n� 
t�i��� �a��e� ����ane �a���ire ��b�trate� �overe� �it� a 1�� 
�� t�i�� Ga��o�ar Ga� �ayer� ��e �attern �a� �efine� �it� 
nano�i��rint �it�o�ra��y ����� an� �on�i�te� of array� of �ir�
���ar �o�e� of ��� n� an� a �it�� of � ��� ����e� �e�e�tive 
area �ro�t� ��AG� �a� ��e� to �ro� Ga� nanoro�� in an 
��i��e�t ��o�er�ea� ����� rea�tor at 1��� �� �n�er ��� 
�ri�et�y���a��i�� ���Ga, ��� �a� an� a��onia ����, 
1���1�� �a� �ere ��e� a� �re��r�or� an� in�e�te� a�ternative�y 

in t�e �ro�t� ��a�ber for � � an� 1� �, re��e�tive�y� �et�een 
ea�� ����e, a ��r�e ti�e of 1 � �a� intro���e� in or�er to 
�ro�ote t�e verti�a� �ro�t� a�on� t�e ����1� a�i�� A tota� of 
��� �y��e� �a� �erfor�e��  

 
����t�������������������t����ell����������� �
�

Gro�t� of t�e �nGa��Ga� ��ant�� �e��� ����� �a� 
�erfor�e� on bare Ga� te���ate� a� �e�� a� on Ga� nano�
ro�� on , t�e �arrier �a� �a� ��it��e� to �� an� t�e te��era�
t�re �a� �e�rea�e� bet�een �1� �� ���� �� ��rin� t�e 
�ro�t� of t�e �e���� �ri�et�y��in�i�� ����n, 1�� �a� an� 
triet�y���a��i�� ���Ga, 1�� �a� �ere ��e� a� �re��r�or� for 
t�e ���� An A�Ga� �ayer �a� �ro�n on �o�e �a���e� after 
t�e �ro�t� of t�e �� ��in� tri�et�y��a���in�� ���A�� A 
tota� of five ��� �ere �ro�n an� �a��e� �it� a ���o�e� 
Ga� �ayer �ro�n at ��� �� �n�er ��� �i�et�y��y��o�enta�i�
eny���a�ne�i�� ��t������ �a� e���oye� a� ���o�ant� 
��rin� �ro�t�, t�e rea�tor �re���re �a� �e�t at ��� �orr� 

  
������������t�e�i�������������������it����i�l�
��������������t����ell��
�

�anoro�� �ere �efine� by e�e�tron�bea� �it�o�ra��y ���
in� ni��e� �1�� n� t�i��� a� t�e et�� �a�� an� a �ybri� �ry�
�et et��in� �ro�e��� ��e �attern �on�i�te� of �ifferent array� 
of �ir���ar a�ert�re� �it� �ia�eter� of ��� n��1�� n� an� a 
�it�� of � ��� �t��in� of t�e nano�i��ar� in����e� t�o �te��� 
�ir�t, t�e �i��ar� �ere �ry et��e� ��in� in���tive�y �o���e� 
��a��a rea�tive ion et��in� �����R���� ��en, a �et et��in� 
��in� a �� b�ffere� ��� �o��tion �a� �erfor�e� to re�ove 
any �a�a�e� �ateria�� in���e� by t�e �ry et��in� �ro�e�� at 
t�e ��rfa�e of t�e ro���   

 
�anoro�� �or��o�o�ie�, in����in� �ia�eter� an� �ei��t� 

�ere �t��ie� by �ita��i ������� ��annin� e�e�tron �i�ro�
��o�e ����� ��in� an a��e�eration vo�ta�e of � ��� ��e o��
ti�a� �ro�ertie� �ere ana�y�e� by ��oto���ine��en�e ��e��
tro��o�y ���� ��in� an e��itation �ave�en�t� of ��� n�� ��
Ray �iffra�tion �a� ��e� to e�ti�ate t�e �o��o�ition of t�e 
�nGa� a��oy�� 
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�� ������� 
  �anoro�� �ere ����e��f���y �ynt�e�i�e� by bot� �AG�

����� a� �e�� a� by to� �o�n et��in� a� ��o�n in fi��re 1� 
�anoro�� �ro�n by �AG������ e��ibit �i� ����ane� �i�e�
�a��� an� a �yra�i�a� an� often tr�n�ate� to�� �nGa� Ga� 
��� �ro�n a�on� t�e Ga� nanoro�� fa�et� ty�i�a��y e��ibit 
�ifferent �ro�ertie� a� t�e ��ant�� �onfine� �tar� effe�t an� 
�ro�t� �ineti�� �iffer bet�een t�e �o�ar ����ane, t�e �e�i �o�
�ar r���ane� an� t�e non��o�ar ����ane�� A� a re���t, t�e �� 
��e�tra e��ibit �ifferent e�i��ion� t�at �an be attrib�te� to 
ea�� �ifferent ��ane ��ee fi��re �, fro� �1��� �ne ��o��� t�en 
�aref���y o�ti�i�e t�e �a�� �attern to �ontro� t�e �i�e of t�e 
��rfa�e of t�e �ifferent fa�et� an��or t�e ��rrent in�e�tion ����  
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�i�� 1� �a� ��� i�a�e of Ga� nanoro�� obtaine� by �a� �AG�

����� an� �b� to� �o�n et��in� �ro�e��� ��a�e bar i� ��� n��  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�i�� �� �at�o�o���ine��en�e ��re�tra ��o�in� t�e �ifferent 

e�i��ion� fro� t�e �nGa��Ga� ���� �ro�n on t�e �ifferent fa�et 

of t�e nanoro��, fro� �1�� 

 
�n t�e ot�er �an�, a�ia� �nGa��Ga� ��� in Ga� nano�

ro�� �ynt�e�i�e� by a to� �o�n �ro�e�� e��ibit a �in��e e�i��
�ion� �t i� ��o�n t�at t�i� e�i��ion �an be inf��en�e� by t�e 
nanoro�� �ia�eter a� ��o�n in fi��re �� A b��e���ift of 1� 
n� in t�e �� ��e�tra �a� been �ea��re� for t�e nanoro�� �it� 
a �ia�eter of ��� n� �o��are� to t�e �� referen�e� ���� a 

��ift �an be attrib�te� to t�e �o�a� �train en�ineerin� by re�a��
in� t�e �train �o�a��y ��e to t�e nanoro�� �tr��t�re ���� 
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�i�� �� �� ��e�tra at ��� � of ye��o��oran�e �nGa��Ga� ���� 

��i��ion ��ift� to�ar� t�e b��e a� t�e �ia�eter of t�e ro�� �e�rea�e��  
 
��i� a��roa�� i� very intere�tin� �in�e it �a� been �e�on�

�trate� t�at by re���in� f�rt�er t�e nanoro�� �ia�eter� �nti� 
�� n�, �reen an� b��e e�i��ion �o��� be a��ieve�, �o�vin� 
t�e i���e of t�e �o�or �i�in� in �AG�ba�e� �tr��t�re� ��,���   

 
 

�� �o������o� 
   �anoro�� �it� �ifferent a�tive �nGa��Ga� ���� re�
�ion� �ave been �ynt�e�i�e� by �AG������ an� a to��
�o�n �ro�e��� �it� a �AG �ro�e��, �ore���e�� �etero�tr���
t�re� �o��� be obtaine� ��o�in� a �ifferent �ave�en�t� e�i��
�ion for ea�� fa�et� �t��in� of a�ia� �nGa��Ga� ���� 
t�ro��� a ni��e� �a�� �ro���e� nanoro�� e��ibitin� a �in��e 
e�i��ion fro� t�e ����� A f�rt�er re���tion of t�e nano�
ro�� �ia�eter �o��� be �ro�i�in� �on�ernin� t�e i���e of t�e 
�o�or �i�in� ��� �evi�e�� 
�
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