
Ret swra CqwLD w xQDUo x� �y�ov

��QoWr ��Q

QO Q�N� ��yp�U QO xm ���yCiQW�B �OR�U�t QDxO�J�B u�kkLt ��Q� �Q
u� wv ��y�Qw�vi �j�kO ��yQ�R�� uwyQt �xOt� CUO x� Ret CN�vW 	xRwL
���tvoQR� �� �Q�OQ� Q� wYD ��yx�oDUO pt�W xm CU� Q�N� 	xyO 	xDiQW�B w
�Q�OQ�xvwtv j�kO ��yQ�R�� �Neuroimaging wMRI xrtH R� q�� ����i

����OQ w CW�m C�r��k �� uwQwv �yOY R� �m� QDmr� ��yp�vo�U u�tRty

wv �yyO w ��Optogenetics� l�DvSwDB� uwJty ���yQ�R�� ��COtR�QO
�UwQ� w ��yQwDmw uDiQo Q�mx� �� l�DvSwDB� VwQ QO �CU� Qo�O O�OH Q�R��
X�N �a�wt Q��U� �L�wv QO �vw� ��yp�v�m R� �Y�N 
wv u��� u�wD�t
�Y�N Gwt pw�V��D ��TBU w OQm �kr� �Q Ret �QWkQ� R ��yxDUy w QWk
l�DvSwDB�l�vmD �OQm Q�yt ��l� QLD �Q hOy �vw� ��yp�v�mC�r�ai �Qwv R�
uS 
wv Qy ��Q� �CU� Q�OQwNQ� �O�� R �r�N �v�tR w ����i CkO R�

�vw� ��yp�v�m x� xmCU� R��v Qwv R� �Y�Nh�� ��vw� ��yp�v�m x� �r�kDv�
p�U QO xmCU�Hv� �D xar��t R� VwQ u�� C�ty� �Ov�hwQat Qwv x� T�UL
p�UVwQ u�wva x� Science w Nature Methods ��yxrHt QO 
���
�Breakthrough of xyO syt OQw�DUO w �Method of the year�

QO l�DvSwDB� VwQ Q��L p�L QO �CiQo Q�Qk xHwD OQwt the decade�
�Q�t�� xvwtv ��Q�� �DmQL CqqDN� pt�W �D�k�kLD C�ar��t R� �Q��U�
���vQiwR�mU� �sU�Dw� Ovv�t �DN�vWv�wQ CqqDN� �Qt��Rr� �Q�t�� ��uwUv�mQ�B

�� ultra�thin multi�electrodes � nanoprobes with hundreds

ofrevording sites

��yxDUO pt�aD w C�r�ai 	xH�Dv xm CU� uwQwv �yOQ��r�t �w�L u�Uv� Ret
�DmQL w �UL ��yQ�DiQ �Qo�Om� ��hrDNt ��yVN� QO �yuwQwv uwo �vwo
�Cw��k p��k R� Ret �r�a �DN�vW p�ta� u�vJty w Ovm�t pQDvm �Q u�Uv�
pmW �Q uwQ�� ��Lt R� �t �Q��Wwy w �C�U�UL� �x	i�L ��Q�oO�� �QmiD
OyO�t p�mWD �Q��Ya 	xO�J�B xm�W Ret ��yuwQwv u�� C����DQ� �OyO�t
���DQ�� OQ� x�Dwm Cq�YD� �Ov�p�YD� 
wv u�OvJ pt�W C����DQ� u�� w
�yxQmt�v u�� ���DQ�� OQ� QwO Cq�YD� w ��Ret QWk ��yx�q uwQO w u��
w �vwQwv C����DQ� Q�DN�U s	a� CtUk ���Ret QWk hrDNt ��y�wr w
Vv�O x� ����DUO w xOQDUo C�ar��t OwHw �� Ret ��yuwQwvC�r�ai OQmrta
w CU� xDN�vW�v �O�� R OwOL �D u�OvtWv�O ��Q� Ret �vwQwv ��ysU�v�mt
�Ck�kL QO �OQ�O QDpt�m CN�vW w ���WoRtQ ��Q� QDW�� C�k�kLD x� R��v
QO �m�t�v�O sDU�U u� QDxO�J�B Ret �vwQwv ��yC�r�ai OQmrta w Q�DN�U

�CU� Ca���

OQmrtaCN�vW R����yx�vH QO�yHwD p��k Q��U� ��yCiQW�B xRwQt�
xRwL u�� QO �t C�aq�� w Vv�O x� xJ Qy �t� CU� xOW pY�L Ret
Ret OQmrta syi xm OwW�t �a�OD uyP QO �QDW�� Cq�	wU OwW�t xOwRi�

�Ret ��Ya �UOvyt ��yx�oW��tR� RmQt �

�� inter�and intra�laminar connections

�� inter�and intra�cortical connections� cortical and subcortical

connections

� ���� u�DU��D



��yQ�Ot w �yuwQwv OQmrta w Q�DN�U�wQ Q� Retpt�mCW�ov Ov��Qi QO 
� QUD
Ret �UOvyt w ��Ya� swra u�OvtWv�O �CU� xDiQo pmW ��Ya 	xO�J�B
CqqDN� w �y�Q�t�� Ovv�wD� ��vwQwv ��yQ�OtC�r�ai uOQmpOt �� OvQ�wO�t�
CqqDN�Cra ��vwQwv 	xm�Wu�� QO�Q�mDUO �� w�R�Ux��W�Q xO�J�B��Ya
�OvyO x��Q� xDN�vW�v��Ya CqqDN� ��Q���U�vt u�tQO whWm �Q x�w� Qt

QW� ��Q� R�v �tyt �kqN� ��yVr�J ��Qw�vi w sra 
� QU OWQ
��yQ�R�� R� �tra Q�e �r�tDL� ��yxO�iDU��wU p�Ft ��Q� �CU� xOQm O�H��
R�C�aq���Q�OQ�xNUv ��v�wNuyPp��k R� �Q�O�OH��yVr�J 	xDi��xaUwD
wVQov QO �manipulation��Q�mDUO w Qo�O OQi x� u� p�kDv� w O�Qi�uyP

	xDiQW�B��yQ�R�� OwHw ��u�vJty�iQ�R� �OQmOy�wNO�H�� �O�Qi��Q�os�tYD
xOv�t xDN�vW�v ���Ya CqqDN� R� �Q��U� u�tQO u�mt� �OwHwt�Y�NWD
CqqDN� w �Q�t�� X�NWD OwHw �� xm CU� u�� wQ V�B Vr�J �CU�
uOQm 
r�t ��� �xOW xO�OX�NWD �Q�t�� u�tQO QO�i�mVv�O sOa w��Ya
�UQDUO sOa R� CQUL w �O�t��v T�UL� xm ��Q�t�� R� V�xO�wv�N w Q�t��
�Q�N �� CU� x�HwD p��k �Ovm�t O�H�� �w 	xO�wv�N w Q�t�� QO �Q u�tQO x�

CN�vW �Ret C�ar��t 	xRwL QO RQ�� ��yCiQW�B OwHw �� �rm Qw� x�
�DN�vW w �Q�DiQ ��yVvmsyQ� w Q�DiQ R� �at�H Q� wYD 	x��Q� w j�kO
�v�yH w �QwWm uqm ��y�Q�Pox��tQU QDW�� xJ Qy OvtR��v �Ret ��yuwQwv
Rm �Qt O�H�� ��v�tQO w �Y�NWD u� wv ��y�Qw�vi w �yQ�R�� 	xaUwD CyH
�mQt xQ�N �D�k�kLD ��ys�D p�mWD w �xDiQW�B C�R�yHD x� RyHt �WywSB
Q� RmQtDtl� R�i w C����� Q w ��UOvyt x��B swra ���Ya� swra u�kkLt R�
��y�OvtR��v w ���QW uOQm sy�Qi �� �CU� lQDWt w 
t�H ��yxSwQB �wQ
�Big Data� �vwQwv ��yxO�Ouqm �v�yH x�o��B O�H�� ��WywSB C�ar��t
OQmrta w Q�DN�UhWm ��yxO�Ouqm u�� x� ��vO QU�DQU u�kkLt �UQDUO w
Ov�wD�tl�t�v�O xO�U Retl� OQmrta uOQmpOtCyH Ret 	xO�J�B ��yQ�Ot

�OW�� QwYD p��k

swra 	xRwL QO �Qw�vi w Vv�O 
�Uw VQDUo �� xm OwW�t �v��V�B
CN�U ��L�Q�CtU x� xOv�� 	xyO wO QO xRwL u�� �tra ��yOQm� wQ �Ret
wv�v w wQm�t T��kt QO ���Ya 	xDiQW�B ��yxW�QD w �yOQoR� Q 	xaUwD w

	xO�J�B ��yQ�Ot u�wva x� �OQmrta C��r��k �� �Nano�Microchips�

��yx�oDUOO�OHpUvCN�Uw�L�Q� �RetCi�� QOuOWu� Ro��Hw�vwQwv
��yx�q QO �vwQwv ��yQ�Ot R� q�� ���tvoQR� w Kw�w �� �Ret �Q�OQ� Q� wYD
w Ret ��yp�vo�U s�HL �Q�OQ�xvwtv Q���U w O�OH ��yQ�R�� Qwy� �Ret QWk
ptDLt ��y�Qw�vi R� R�v RetCi�� x� s�U�� VwQ x� p�vo�UTwmat p�kDv�
�QDuWwQ �tra Q�UiD Vv�O R� xRwL u�� CiQW�B �� �Ow� Ovy�wN xOv��
�y�o � p��k R� Ret �r�a ��yC�r�ai QO Q�oQO �vwQwv 	xO�J�B ��yQ�Ot R�
��dream� �� wQ w ��wN ��feelings� C�U�UL� ��consciousness�
w sy�t xQ�wty p��Ut R� xm ��Ya 	xDN�vW�v CqqDN� u�tQO w X�NWD

� �Ow� s�y�wN Oy�W �Q xOw� QW� R�ov�Q�p�	wU

Qw� x� �OQ�o�t Q�Qk xO�iDU� OQwt l� Swrw� R�iwQDmr� C�ar��t w �oOQUi�
�Y�Nh�� jkLt xm Ov�xOQw� sy�Qi �Q u�mt� u��l�vwDwi ��yl�vmD�rm
�long�term� COt �vqw� CQwY x� xS� w 	x�L�v l� QO �Q �yuwQwv R�

�OyO Q�Qk ���� RQ� OQwt

OQmrta CN�vW QO u� wv ��y�Qw�vi 	xRwL QO �tra ��yCiQW�B
x rtH R� �CU� xOQw� x�Qty x � �Q �O� � R ��yV r�J w �yCYQ i R et
u�w D� t xOw t v O� H �� QW � � oO vR QO �k � ta Q � F	� D x m � ��yCYQ i
��Ya ��yx�U�w 	xRwL QO OWQx � wQ w R �o v�Q �u�UL D ��y�Qw� v i
u�tQO Qw	vt x � xm OQ � s� v �Q �brain prosthetic interfaces� Ret
xm �Qw� x� �CU� xaUwD p�L QO Ret �DN�vW w ��DmQL ��UL CqqDN�
��Q�� �UL ��yRDwQB uwJty Ret QO ��Ya ��yxW�QD CW�m w CN�U
�kta C�m� QLD� �DmQL ��yRDwQB �����wvW w ���v�� ��yRDwQB xvwtv
�� Gri s�Ov� pQDvm w 
QY �Q�t�� �uwUv�mQ�B �Q�t�� u�tQO CyH Ret
uOQm reset Qw	vt x� At�mwB�y RDwQB Ovv�t� �DN�vW ��yRDwQB w �xOW
�k
QO x	i�L �Qw�O�� x� w C� wkD �Ov��WwN�v C�Q��N w O� Q�mi� R� x	i�L
QO Q�N� 	xyO OWQx� wQ ��yC�r�ai R� u�wD�t �Q �Tv�tO w �Qt��Rr� u�Q�t��
��Q�N� �u� wv �D�ar��t ��yVwQ w �SwrwvmD V��O�B �� �OQm QmP xRwL u��
��yOQoR� Q �� l�B wmUwQm�t ��yQoUL CN�U w �L�Q� u�QoWywSB
xv�O l� �mJwm w QU �wt Ct�N� x� xm ��Neural Dust� ��Ya
x� �Q �OvQ�O �Q �Ret ��yxDUy w Ret QWk QO �v� Ro��H C�r��k w xOw� GvQ�
��Ya ��yOQoR� Q OwW�t �aO� �xmv�� QDsyt �Ov�xOv�UQ �OQ� Q�m 	xrLQt
�wireless� s�U�� CQwY x� w ��DwY jwi G�wt�� OvwU�QDrw� VwQ x�

�OvQ�O Ret QWk R� �Q ��Ya ��yp�vo�U Ci�� QO w p�kDv� C�r��k

w �yuwQwv OQmrta uOQmpOt �xRwL u�� QO Qo�O OWQx� wQ ��yOQm� wQ R�
xSwQB QOp�Ft��Q� �CU��D��U�Lt��ysD� Qwor� R� xO�iDU� ����Ya��yQ�Ot
�R�Uwor� �� �CU�QH� p�L QO 
��� p�U R�T��wU QO xm Blue Brain
OvDUy VqD QO �y�oW��tR� Vwt Ret �vwQwv ��yQ�Ot OQmrta w Q�DN�U
�R�Ux��W �Q Ret ��yuwQwv ��� wB OQmrta �ovwoJ R� �U�vt pOtl� �D
��y�Q�Pox��tQU �� Qo�O 	xSwQB u�OvJ QO �h�Oy� u�� ��DU�Q QO �Ovvm
Q� RmQtDt �Human Brain Project u�wva ��� �B wQ� 	x�O�LD� �UwD uqm
OQ��r�tl� Q� dr�� ��xHOw� �� u�Uv� w�y�oW��tR� Vwt Ret�vwQwvC�r�ai
�BRAIN Initiative 	xSwQB u�wva ��� �m� Qt�CtqU �rt 	xUU	wt ��wQw�

	xHOw� �� u�Uv� wCt��QB �y�oW��tR� C�v�w�L Ret �vwQwvC�r�ai Q� RmQtDt �
�Brain�MIND u�wva ��� uB�S�tra ��yutHv� ��QqO uw�r�t OY Q� dr��
�u�J ��� wvH 	xQm ��O�v�m ��CUwtQ�t �y�oW��tR� u�w�L pOt �wQ Q� RmQtDt
�xmQUTot �vwQwvC�r�ai OQmrta w Q�DN�U uOQmpOt Q� RmQtDt� u�w��D w
w xO�J�B OQmrta wl�twD�v�Qwv Q�DN�U R� �k�kOCW�ov �D OvDUy VqD QO
BRAIN Initiative 	xSwQB �Ovvm x��Q� �Q Ret ��yuwQwv ��yQ�Otl�t�v�O
CyH ��D�k�kLD u� wv ��y�Qw�vi w Q�R�� CN�U hOy �� xm CU� ��xSwQB

�� Brain Research Through Advancing Innovative Neurotechnolo�

gies

�� �B��B 	xQ�tW 





