
Q�vm QO �yrwmrwtlD w �ysD�lD �Q�Po��H ��CUv�wD s�y�wN wv�v �Qw�vi j� Q� R�
�nano�structures� �yQ�DN�U wv�v x� xm ��Q�v� wv ��yQ�DN�U �q�� x� u���B R� �Qo�Om�
�� w �s� Qw� OwHwx� �OvW���t u� wv qt�m ��yOQmrta w X�wN ��Q�O w �Ov�swUwt
��yU��kt QO xm �R� Q jwi C�a�k w C�wO� ��yy�oDUO ��yQ�DN�U u�� R� xO�iDU�
��v�nvU �yQ�DN�U wv�v �s���tv O�rwD Ovvm�tC�r�ai xDi�� p�rkD Q��U� 	�v�tR w �rw�
��yQ�DN�U w �rwmrwt ��yQ�DN�U u�� 
xrY�i QO xR�Ov� Q�v R� �OvDUy wv�v �Qw�vi
K�U C�Uv w OvwW�t p�mWD �ytD� R� �WQ�tW p��k O�OaD R� �OvQ�O Q�Qk �vwQm�t
X�wN lQO ��Q� xm Ov��m� R�i 
xO�t R� �O�OH pmW �CUq�� Q��U� �yv� sHL x�
l�v�mt 
xDiQW�B Q��U� s�y�it x� O��� ��yv� �U���vet w �vwQDmr� X�wN xS� w x� ��yv�

xR�Ov� x� ��� wk O�wt X�wN xm ���Hv� R� �OW pUwDt ��xQPT� ��yy�oDUO �twDv�wm
�yv� ��yxv�OR� Q xm �O�wt �CU� xDU��w �yv� ��yxv�OR� Q �� ��yv� 
xOvyO p�mWD ��RH�
�rwtat O�wt QO xm OvQ�OQwN Q� �v� wv ��yD�i�m R� OvwW�t �L�Q� wv�v T��kt QO
��yy�oDUO QO xJ �OvQwN�t sWJ x� �yxv�tR 
xty QO �yQ�DN�U wv�v �OvDU�v OwHwt
C�ak�w u�� Q� x�wo ��yt� Rv� p��k R� ��DU� R ��yQ�DN�U wv�v OwHw �xOvR Q�e xJ w xOvR

�CU� xOQw� OwHw� �Q wv�v T��kt �Qw�vi pmW u� QDy� OwN Ca��� xm CU�
�O�wt sra �l�DvS ��U�vWCU� R �C���� Q ��t�W �l� R�i �va� ��DvU swra
�rkDUt w �RHt C�r�ai ��yxRwL wQm�t w wQmt ��yU��kt QO xm ��mWRB w �UOvyt
�Ov����t V��Qo �OL�w ��yQ�R�� w �yQ�DN�U �pwY� CtUx� wv�v T��kt QO �OvDUy
�iQoW T� ��yOQw�DUO w xOw� ��xDWQ u��t �k�ta wv�v �Qw�vi w swra �xH�Dv QO
�t�wH �RwQy� w CiQW�B ��Q� �Q �O�OH qt�m ��yki� w CW�O Ovy�wN C� QW� ��Q�

�OwWo Ovy�wN �ovUQo w �y� Q�t�� �� QFwt xRQ��t w

x � � � �u� Q � �mDt �Qw� vi w �Nano�science� w v� v sra
w swra Q�vm QO ��Nano�technology� wv�v �Qw�vi �Q�YDN�
swra w ��rwmrwtl�DvS w �U�vWCU� R �� ��DQt ��y�Qw�vi
�DavY��tra swU �qk v� ��yxir
wt �C�aq�� �Qw�vi w
�k�vt 
xt�O� �qk v� u �� �OvyO�t p�mW D �Q O �OH QYa
V��O�B x� QHvt xm CU� swO w pw� �DavY��tra C��qkv�
�qkv� �OvDWo wQm�t w wQmt ��yU��kt ��y�Qw�vi w swra
QO w v� v T� � kt �Qw� vi w sw ra ��yxi r
wt xS � w x � w �swU
�Q�mDUO u�mt� �QW � �t�wH M � Q� D QO Q� � u�rw� ��Q � �u�

xO�t �yO v�tR�U w X�wN QO �Q��DN� w �Ota Cr�NO w
Q � R ��yU� � kt �va � �u� Kw�U u � Q D �U�U� QO �m � R �i
O�H�� �wv�v sra �OQw� Oy�wN sy�Qi �Q ��rwmrwt w �tD� ��tD�
OQmrta w Q�DN�U Q� pt�m pQDvm p�ta� ��Q� �O��v� ��yWv�O
OwN hOy �Q �rwmrwt w �tD� ��yU��kt QO �m� R�i 
xO�t
QO �yWv�O u�� xm OyO�t O� wv wv�v �Qwv�vi w CU� xO�O Q�Qk

�Ov�� QO �UOvyt 	r�k QO QwO u�OvJxv ��xOv��



���DQ� QO xm �rt C�t�Rr� x� xHwD �� �VQ�Ro u�� QO �CiQo Oy�wN Q�Qk swta
�CU� xDWo sqa� xrtH R� �OvQ�O Q�Qk u� wv ��yxRwL u�� ��

swra 
xv�tR QO p�ai ��yQwWm Q��U �� �v�OvJ 
xrY�i QwWm uwvm � ��
CiY xm ��v�yH ��yD�r�ai �� �t�oty ��DU�Q QO �OQ�Ov wv�v �Qw�vi w

xYQa QO �yxHOw� p�Ux� p�UV��Ri� w �yD�r�ai QtDUtV��Ri� u� 
xYNWt
u�wvax� O��� u�Q�� QO wv�v �Qw�vi w swra 
xaUwD w O�H�� �OW���t wv�v �Qw�vi
�wvat w �O�t 
x�v�H xty C��tL OQwt �rt Q�PB�v ��vDH� w Q��N Qt�l�
�� uOWv s�oty �OQ�o Q�Qk �yv� Kw�U u� QDq�� QO QwWm ���QH� ��yy�oDUO
QwO x� QHvt ��rt O�YDk� Q� �ivt C�QF� Q� xwqa Ov�wD�t �v�yH u�� QH u��
sm� w CU�� uQk ��y�Qw�vi w swra u�wQ�m R� QwWm �Qw�vi w swra uOv�t

�OOQo
�yxOmWv�O w ��yxOmWywSB ��D�k�kLD Rm �Qt R� �rt 
xm�Wl� O�H�� ��
�WywSB w �q�� x� OWQ� �U�vWQ�m� �WRwt� �rt 
xt�vQ�l� OQ�W�BCyH

��QDtwv�v �Qw�vi w swra QO XYNDt ��ywQ�v C�� QD ��Q�
u��t �COt x�Dwm QO ��xaUwD w �OQ� Q�m ��O��v� ��yWywSB s�Hv� ��
sHvB 
xt�vQ� u���B �D �DavY xw�v� O�rwD 
xrLQt x� uO�UQ w COt R�QO w �COt
xOW �v��V�B Q�R�� R� �tyU uOQw�CUOx� QO VWwm w ������ xaUwD

�xOv�� p�U �� �D wv�v �Qw�vi �QqO OQ��r�t Q�Ry l�
Qw�x� xm wv�v �Qw�vi w swra u�YYNDt R� pkDUt ��xat�H O�H�� ��
��y�v���DWB R� w xOQm RmQtD ��xDWQ u��t 
xRwL u�� OQ�W�B �wQ Q�XNWt

�OW�� Q�OQwNQ� �rt T��kt QO sRq
uDN�U QwLt Qw�vtx� xr�U � 
xOW x�U�Lt w j�kO 
xt�vQ�l� u� wOD ��

���xk�vt QO wv�v �Qw�vi w �tra ��yWywSB QO u�Q��
sRq ��yO�yv �R�U�B Q� ��DU�Q QO �� QU CmQL CQwQ x� C��va ��
��yYYNDCW�O Q�v QO �� w �wv�vT��kt�Qw�vi w swra��yxRwLQO�WywSB
xty ��yD��tL w �IPM� �O��v� ��yWv�O x�oWywSB QO OwHwt 
xDiQW�B

xOmWywSB O�H�� KQ� �x�oWywSB ��yxOmWywSB Q��U��U
wQ wCU�� Q 
x�v�H

�hOy �� �wv�v swra 
xOmWywSB� x�oWywSB sQ�yJ

Kw�U u� QD�r�a QO wv�v T��kt swra QO �O��v� ��yWywSB �R�Ov� x�Q ��
�i�m

QwWm QU�QU QO wv�v T��kt �Qw�vi w swra 
xa�W� x� ltm ��
u�QoWywSB R� �O�OH pUv C�� QD ��
��xDWQ u��t ��yWywSB O�yv O�H�� ��

�xk�vt QO wv�v �Qw�vi w swra 
xRwL QO QwWm uDN�U QwLt x�ltm ��

pt�W u� O�H�� R�TBCUNv ��yr�U QO xOmWywSB h�Oy� �OOQo�t sqa�
�Ow� Oy�wN Q� R ��yxv�tR

�QDt wv�v swra 
xN�W QO ��xDWQ u��t �O��v� ��yWywSB �R�Ov�x�Q �
w X�wN 
xv�tR QO �O��v� ��yWv�O O�H�� Qw�vt x� �D��U�Lt w �Q�v

��yxv� Ro R� �m� q�� x� u���B R� OQm� wQ j� Q� R� wv�v T��kt x� uO�UQ
x� q�� R� OQm� wQ �wv�v �Qw�vi w sra QO Qo�O OQm� wQ �CUwv�v �Qw�vi w sra
u�� �CU� QDoQR� ��yQ�DN�U uwQO R� �yQ�DN�U wv�v uO�Wm uwQ�� �� �u���B
�miniaturization program� ��R�U lJwm 
xt�vQ�� s�vx� �OQm� wQ
CiQW�B ��Q� �U�U� ��yQDU� �pw� OQm� wQ �� x�Qty w CU� xDWo QwyWt

�OvDUy wv�v �Qw�vi w swra �v�yH s��a 
xt�vQ�

�rwmrwt l�DvS Q� �mDt �DU� R �Qw�vi �� x�Qty �wv�v �Qw�vi w swra
xm C�aq�� �Qw�vi w �CU� xDWo �rHDt �v�Uv� swvS nQR� 
xt�vQ� QO xm
��ywmU ��yxv���Q Q�� pmW QO ��yxv���Q �D��U�Lt CQOk s��a CiQW�B ��
sra �v��t �OwQ�tV�B x� Q�wVyH ��OQi ��yxv���Q w �D��U�Lt l�i�Qo
�t�wH CiQW�B ��t�U w OvyO�t p�mWD �Q sm� w CU�� uQk �Qw�vi w

�Ovvm�t s�UQD xOv�� p�U x�HvB pk�OL �D �Q �QW�

� �� QO u�yH K�U QO wv�v �Qw�vi w swra VQDUo w OWQ x� �y�ov
OWQ ��yQwWm �t�tD QO xDWQ u�� xm OyO�t u�Wv �vWwQx� xDWPo p�U
u�Q�� R�Q� sy xm �OWQ p�L QO ��yQwWm R� �Q��U� QO w �DavY 
xDi��
R� QtDUt OWQ u�� �CU� xOw� Q�OQwNQ� �rt �q�� Q��U� C� wrw� R� �OvDUy
QO �Q �D�t�Rr� �Qo�O �wU R� xk�vt �tqU� ��yQwWm C�r�ai sOa w �wUm�
�OyO�t Q�Qk �xk�vt QwWm u� QDtyt 
x��Ft x� �u�tQwWm �Qw�vi w sra p��kt
u�mt� OwR �� Q�O �xDiQW�B ��yQwWm QO wv�v �Qw�vi w swra uwRi � RwQCiQW�B
CN�U Oy�wN sy�Qi �Q �yQwWm u�� �UwD u�RQ� �SQv� w xDiQW�B O�wt O�rwD
Q��v ���yQwWm QO xOW O�rwD s�N O�wt x� �DavY ��yQwWm �oDU��w w
uqm O�YDk� w xDN�U GQ�N CU� xOw� OwHwt p�Lx� �D xm �aw R� �Q u�Q��
Oy�wN �Q�otWJ CqmWt VwNDUO �Q s�N O�wt 
xOvvm QO�Y ��yQwWm
xDW�Ov �Qw
L xvwoI�y swO w pw� �DavY�qkv� wO 
xvLY QO �u�Q�� �OQm
swra V��O�B �CU� xOw� �yv� ��yxOQw�Qi xOvvm hQYt Cr�L u� QDy� QO w
QO jqN Qw�x� s�v�wD� xm OQw��t OwHw� �t ��Q� �Q u�mt� u�� wv�v �Qw�vi w
R� s�o x� s�o �Q OwN uqm O�YDk� w s�W�� xDW�O p�ai CmQW swU �qkv�
l� 
x��B Q� �Q u� w s� R�U GQ�N �rwYLt lD VwQi w O�rwD x� �oDU��w
u�� Q�OsJQB Qo�O �wU R� w s�vm �v� xDiQW�B �DavY w �tra CN�UQ� R
��yv�yH RQt R� QwWm Q�Po ��Q� �Q sRq ��yxv�tR w s�OQo xk�vt QO �qkv�
sy�Qi swO u�yH ��yQwWm 
xoQH x� �s� Q�O Q�Qk u� QO uwvm � xm �swO w swU
QwWm �u� wv �Qw�vi u�� ��yxOQw�Qi �oO�J�B x� Q�v �Qo�O hQ� R� �s� Qw�
p�kDv� x� R��v CQwY QO xm OW�� �Q�O xv�tR u�� QO �Q �O��v� ��yWv�O O��� �t
�Qw�viC�� weQt ���� RQ� u�wD �GQ�N R� �Qw�vi w sra u�� ��yxwrH R� �NQ�

�OW�� xDW�O R�v �Q u�Qo�O

�WywSBCvw�at CwaO x� ���� x�t uty� QO ��yxO�O u�� x�C��va ��

xaUwD w O�H�� u�mt� 
xar��tCyH ��xD�tm ��Qw�vi w C�k�kLD �swra CQ�Rw
R� �O�OaD CmQW �� w 	v�Hv�� C�rw�Ut �� wv�v T��kt �Qw�vi w swra
C�r�ai x�t OvJ �� QO w OW p�mWD xv�tR u�� QO QwWm p�ai u�O�DU�
Q��DN� QO xOv�� ��yy�t QO xm OQm x�yD ��wU�t VQ�Ro RmQtDt w xOQDUo



��YYND jwi QO�m C�� QD ��Q� �QDmO CUB ��yWywSB �R�Ov�x�Q �

�rrtr�u�� w �rt ��xQwO ��yDUWv w �yW��ty ��yQ�v�tU ���B Q� �
�yvOtD �woDio ��rrtr� u�� ��y� Q�mty ��Q� 	U�vt ��yQDU� O�H�� CyH

�QwWm R� GQ�N s�kt �v�Q�� u�YYNDt �Q�mty 	rH w

wv�v T��kt �OQ�O Q�Qk �t u�oO�O p��kt QO �Qw�vi w sra QO ��qkv�
�i�m T��kt l� xmr� �CU�v �R�UlJwm �wUx� Qo�O sOk l� ��iQY
V��Ri� u�yH T��kt QO wv�v swra QO Vv�O xm�Qw�u�ty �CU� u� wv

x� wvx� u�� �Ci�� Oy�wNV��Ri� R�v �O��v� �tra ��yDiQW�B p�tDL� �O����t
w C�a�k �O�wt O�H�� w CN�vW ��yWwQ QO Q�otWJ C�Q��eD Ea�� �OwN
Oy�wN p��vOx� �k�ta C�a�D �QW� �t�wH ��Q� w O�OQo Oy�wN �yy�oDUO
QO �R� Qxt�vQ� �� w p�ai Qw�x� w s���� QO �Q u�tR xm CU�t �rt xi��w �OQw�

�s�vm CmQW �DavY��tra �qkv� u��

�

�O��v� ��yWv�O x�oWywSB �l� R�i 
xOmWywSB
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xDiQW�B C�R�yHD R� xO�iDU� �� ��DU� R w �m� R�i ��yQ�DN�Uwv�v OQmrta
��D��U�Lt ��yy�oW��tR� 	r�k QO �D��U�Lt

���DQ� QO xm �y�oW��tR� 	�O��v� w OvtiOy ��yWywSB 	�R�Ov�x�Q �
��yWywSB u�� �OvW�� �yv� ptmt w �D��U�Lt w �Q�v ��yWywSB �� s�kDUt
wO Qy OvQ�PB�t s�Hv� xDiQW�B w lJwm ��yy�oW��tR� QO xm �y�oW��tR�
Q� QO �m� R�i w �DU� R ��yQ�DN�U OQwt QO �Q wv�v �Qw�vi w sra 
xv�tR
�y�oW��tR� �xOmWywSB ��yD�r�ai R� x�vH u�� OQ�W�B Qw�vtx� �CiQo Oy�wN
�rvwD �W� wQ �yB wmUwQm�t p��k R� �r��Uw 
xOvQ�o Q� QO xm �YYND Q��U�

�OW Oy�wN O�H�� Ow� Oy�wN
j� QRD Qw�vt x� �rt �DavY Rm �Qt ��Q� O�OQ�QkCLD ��yWywSB s�Hv� �
��yOQw�Qi �R�U xv�y� w �DvU ���vY uwQO x� wv�v T��kt �Qw�vi w swra
O�rwD w GQ�N ��yQwWm R� �WywSB ��yLQ� 	rH CyH QO VWwm ��yv�

��tra C�QO�Y j� Q� R� CwQF
QO wv�v T��kt �Qw�vi w swra ��yxDWQ O�H�� x� x�v�H xty ltm �
��yWywSB s�Hv� �C��� QHD p�kDv� j� Q� R� QwWm ��yy�oWywSB w �yy�oWv�O

�Rm �Qt u�� QO �R�UO�yv x� ltm w �y�oWv�O u�� lQDWt
�QwWm QO wv�v T��kt 	pkDUt 
xDiQW�B ���vY O�H�� x� ltm �

��QDmO w OWQ� �U�vWQ�m ���kt QO �WRwt� ��yxQwO �R�Ov�x�Q �

w ��xv���Q hQoW ��yDiQW�B u�� G��Dv R� u�OvtWv�O ��Uw �Q�oxQy� �v�t
�CU� xOw� �ytDU�U xvwou�� �Q�Oyov w Q�taD w u�t
�D 
xv� Ry �xOW �D��U�Lt

��yOL�w �� lQDWt �x�i�L �� ���ytDU�U ���r�e �DvU ��yxv���QQ��
�ytDU�U u�� �Ov�xOw� �box� �Hl� QO OOaDt ���yCPU� �RmQt VR�OQB
u�� w �yCPU u�� ���DQ� xm OvDW�O �vwQO Cq�YD� �xm�W l� u�vJty
x�i�L sDU�UQ� R u�� �CN�U�t u�U� �Q x�i�L sDU�UQ� R w �yCPU
VN� Qy w Ow� xOW s�UkD ���yWN� x� �� CW�O Q�Qk �H l� QO �qm ��
�� ��ytDU�U u�� Cw�iD� Ow� pYw �yCPU R� �ywQo �� CPU l� x�
��Q�Ri�CNU w �Q�Ri�sQv� �ytDU�U u�� ��h�a� p�YD� �� w smLt p�YD�

w h�Ro 
xv� Ry �� ��yDmQW R� lJwm ��xDUO ��� CmQW l� 
xr�Uwx� �qm
QU�QU QO u�QoWywSB QDW�� �xH�Dv QO �OvOW�t O�rwD O�� R C�k�kLD R� Oa�
�Q�m u� QDy� �OvW�� xDW�O xv�N QO �Q �v�W�tQ�� u�vJ OvDUv�wD�tv ��vO
�QDOvtDwQF ��yQwWm QO RmQt �OwOLt O�OaD O�H�� �O�O s�Hv� OW�t xm
QO u�QoWywSB �Ov��Q� �yv�W�t xvwo u�� O� QN 
xOya R� OvDUv�wD�t xm Ow�

xQ�tW� �ytDU�U u�� QO OvOw� R�Ht �Qo�O ��yQwWm QO x�o w ��yQwWm u��
�Ovvm pwLt �yv� x� QwO x�Q R� �Q �D��U�Lt ��yQ�m w OvW�� xDW�O �l �QDW�
u��C�iQ� �C�v�mt�V��Ri�C�OwOLt w O�� R 
xv� RyCrax� ��OvJ R�TB
��xO�iDU� u�OvJ OvDUv�wD�tv u�Q� Q�m QDW�� w O�O�tv h�im Qo�O �ytDU�U

Q� Ov�wD�t xv���Q xm �Q ��xwkr�� s��a Q�F
�D �xv���Q �Qw�vi QO Q�N� ��yDiQW�B
xDW�O �Qvy w �v�Uv� swra �D �Qw�vi w j�kO swra R� ��yxv�tR 
xty ���� QkD
�W�v ��twta �Q �D��U�Lt C�v�mt� hQoWV��Ri� �CU� xDN�U u���tv �OW��
xOW pY�L Q�Ri� CNU QO sy w Q�Ri� sQv QO sy xm Ovv�O�t ���yDiQW�B R�
�Q ��xO�J�B p��Ut xm OvyO�t u�mt� u�QoWywSB x� �yOQw�DUO u�� �CU�
QO �Q p��Ut xvwo u�� ��yxvwtv �Ovvm xar��t �Ov�xOWv �UQQ� RoQy �q�k xm
�U�vWCU� R w �mWRB QO u�Uv� swvS �UQQ� R� �Ci�� u�wD�t ��xDWQ Qy
xm ���ytDU�U ��wy �v�� V�B QO u�tR pm ��wy w �� sDU�U �UQQ� �D
w �� ��yxyO QO �Q �y�UQQ�  wv u�� �s�t�v�t �xv���QQ��� �Q �yv� �qwtat RwQt�
pt�wa 
xty R�V�� xm ��xOvvm OwOLt pt�a �rw �Ov�xDN�U Q�PBu�mt� ��




