
��yOw�O CN�U x� Q�y�Q ��yVywSB x� l� R�i p�wv �xR��H
� O�� R ���vWwQ �� ��� p�UoQwv

�wr�T�o �Q�� Q��

p�ai �x�q �� O� QD�v s�r�o ��� p�UoQwv Ow�O �� pmW
�Q�� Q���Dv�U QO ��vQi�r�m x�oWv�O QO xm sw�Ov��O� QD�vs�r�o

���rw�D�t uwU�r� R� Tma� CU� xOW xDN�U

QN�w� QO w Ow� �oQR� Vr�J �i�m �yOR�� �� ��� Ow�O uOQw�Q��x� �t� �OW
hkwDt �Q O� QD�vs�r�o �wQ Q�m �WywSB ��yxwQo QDW�� �Oq�t �	
� �xyO

�Ow� �v�UQs�v �xO�t u�ty pmWt pL O�rm �t� OvOw� xOQm

QO xm O vOw � � v�Um �yv D �� � Qk D p�Ut� p � w v �xR ��H u�oOvvmCi� � QO
�xyO �D �yv� Q�m w OvOQm p��vO �Q pmWt �xO�t u�� �� Q�m �Oq�t �	
� �xyO
pmW� Ovvm p�Uo ��� Qwv xm ���yQ�R�� CN�U �� w OQm �O�B xt�O� �		�

�O�UQ xH�Dv x� �O�v��� �Q �

VywSB xv�tR u�� QO xm �v�Um Q�tW �O�� R V��Ri� �� uwvm �D u�tR u� R�
��yAtq ��H xOR�� QB Ot�HCr�L Atq xm s��xO�UQ ��xrLQt x� Ovvm�t

OvDW�O x�ov xOvR �Q O� QD�vs�r�o ��yVywSB p� wv �xR��H u�oOvQ� u��

��yQ�R�� CN�U ��Q� �Q x�Q u�Wkiwt ��y�Qw�wv �C��yv QO xmv� �D

	OQm Q�wty �rta

�� yOw �O ��Q D N� Q �� Nx �� O �w U sw r a � D v � r U u� D U o v yQ i
w u� WNQO O � iU Qw v ��yx tWJ CN�U x m xOR� � Q B � �� p �U oQw v
�Q OwN l � R �i Q� DU�wNQ B �xR ��H ��CU� xOQ m Q �P Bu�mt� �Q hQYts m
u� DUovyQ i �O�O �Qwt� m � v �HwW w �w v�t� �WwQ �y �w m �U� wt�U �� x �
x m O v m�t xQ�W� x Dm v u �� x � xR ��H u �� ��Oy� p �qO KQW QO O �wU
�OQ�OQ � QO C � Q W � ��Q � �Q xO �� i u � Q D W � � x m �a�Q DN�� x � xR ��H
�Ow � �p � w v OQ i r� CU�wN� x m CU� R �J u� ty u �� w OwW� t xO�O
�Nagoya� � � w o � v w �Meijo� w H� t �� yx� o W v�O x � � m � U� m �
x�oW v�O QO w v�t� �Ov DUy u B�S �� � w o � v QO wO Qy x m OQ�O �oDU ��w
Q� m �Q� � Q� �� D v�U QO � � vQ i � r� m x� o W v�O QO �Qw t� m � v w �CU� � w o � v

�Ovm�t
�rY� ��yQwv h�� ��i�m �yOR�� �� ��� p�UoQwv Ow�O uOt� Q��x� ��
uOQm �wrNt �� �OW pt�m CU� sRq O�iU p�UoQwv Ow�O CN�U ��Q� xm
��� nvQlD p�UoQwv Ow�O uOv���D �� �� ��� w R�U w MQU p�UoQwv ��yOw�O

�CN�U u�wD�t �Q O�iU nvQ hrDNt ��ys�i ��U�vt QiUi Q�
��yOw�O �� xm �Q Q�OWy ��yd�QJ w Ot�H Cr�L ��yV��tv �xLiY
h�� Qwv xm ���yQ�R�� �O�O u�wD�t �Hxty Ov�xOW xDN�U s�ilD p�UoQwv
��yOw�O u�DUNv �CW�O OwHw �Oq�t �	�� �xyO QO Ovvm p�Uo ��Qt
xDN�U R�v OQR w R�U p�UoQwv ��yOw�O C��yv QO w Ow� MQU �p�UoQwv

�� �B��B �xQ�tW ��



	�v�UQs�v u�� CU�y�oOvw�B p�UoQwv Ow�O Qy �rk QO �p�UoQwv Ow�O Q�DN�U �
 pmW
	wU wO x� S�Drw p�ta�� ��AJ CtU� p �wv 	�v�UQs�v w �Q� wYD CU�Q CtU� n �wv
	wU x� Q� wYD CU�Q 	wU R� �Q �yuwQDmr� w Q� wYD AJ CtU R� �Q �yxQiL x�oOvw�B
OvQ�O s�kDUt 	SQv� h�mW xm 	O�wt x�oOvw�B QO xQiL w uwQDmr� ��mQDR�� �Ov�Q�t x�oOvw�B

��� �HQt R� Tma� Ovm�t p�Uo h�mW �xR�Ov� �� Q��Q� 	�	SQv� �� uwDwi

Rt�H w �lQ�B CQ��Q �lQ�tw�v OwQDQo �xr�kt� OQm Ovm �Q �rta �Q�R�� �wU
��O�v��� �OwD Tm� R�i �		� u�wS �xQ�tW �� �xLiY QO �Q C� wB wO

O�� Qms�U�r�U OW �UQQ� ��� p�UoQwv Ow�O O�rwD ��Q� xm �Qo�O �xO�t
QO p�n �x�oOvw�B �yOR�� xv�iU��Dt �OQ�O s�kDUtQ�e �SQv� h�mW xm CU�

�CU� sm Q��U� SiC

p�UoQwv ��yOw�O �xJN� Q�D

VR�ov� QF� QO Qwv p�Uo �� �electroluminescence� VWNQOwQDmr�
xm OW xO�O OQR �kQ� CQwYx� �	�� p�U QO Q�� u�DUNv ��m� QDmr�
xyO u �OvJ �OwW�t ���U O� � Qms�U�r�U Qwr � R� S�Drw p�ta�� Q F� QO
K��wD xQiL w uwQDmr� �W��D ��mQDR�� T�U�Q� xO�OB u�� �D O�Wm pw�
�xQ�� QO VywSB R� xm Ow� �Wv�O uw�Ot K��wD u�� ��� w �� OwW xO�O

�Ot� CUO x� p�n ��yx�oOvw�B w �y�v�UQs�v
p�Uo MQUwQi V��D �Oq�t �	�� �xyO QO p�UoQwv ��yOw�O u�rw�
�OW xDN�U O�vUQ�s�r�o TvH R� p�n xOR�� QB ��yx�oOvw�B R� w OQm�t
QO u�QoWywSB �h�� ��Qt �x�L�v QO QDx�Dwm ��yGwtpw� x� ����DUO ��Q�
O�iUi s�r�o d�QU xOLDt Cq��� w �u�DUrov� �u�tr� �DavY ��yx�oW��tR�
xm ���y�v�UQs�v QO� OQ�O QDuyB w QDnQR� s�kDUtQ�e �SQv� h�mW xm OvDiQ
�va� OwW�t xDN�U h�rOvt pwOH sHvB w swU ��yuwDU O�wt ��mQD ��
GaN �GaP �GaAs �SQv� h�mW ��DQDx� �III�V xwQo ��y�v�UQs�v
GwR s�r�o ��ysD� �� xm ���yQYva sD� ��aW �Q� R OwW�t QDs�kDUt w QDuyB
p�U QO ��OwW�t QDsmLt xDUy x� �yuwQDmr� Ovw�B w QDlJwm OvR�U�t
Cq���l� QDmr� p�QvH x�oW��tR� QO VQ�mty w QUB �l ��vwrwyl�v �	��
xm ��� OvOQm VQ�Ro �Q pm�v w �QiUi �s�r�o S��r� R� MQU Qwv p�Uo xOLDt
��yCiQV�B QO �OwQ�t Q�m x� MQU p�UoQwv Ow�O CN�U ��Q� sy Rwvy

�OW xi��� CUQyi x� R�v R�U w OQR Qwv �Oa�
O� QD�vs�r�o �wU x� �Q u�QoWywSB ��� Qwv ��yxOvvmp�Uo �wHDUH
uOv�� wQ CqmWt R� �m� �CW�O u�w�Qi CqmWt xO�t u�� �� Q�m �t� Ov�Wm

���vWwQ O�rwD ��Q� �m� QDmr� �SQv� OYQO CU�� RwQt� �OQ�o� �Q �rwtat
hrD ���yDr� ��yAtq QO �tQo CQwYx� Q�Okt u�� QDW�� w OwW�t hQYt
COWx� �Q �SQv� hQYt u�R�t u�� O�iU Ot�H Cr�L ��yd�QJ �OwW�t
CN�U ��Q� O�wt hQYt R�v �yd�QJ u�� �vqw� Qta w O�O Oy�wN Vy�m
�OQwiQm GQwH �nQ� O�B Q� �xr�kt O�v�wD�t xQ�� u�� QO� OQm Oy�wN QDsm �QAtq
��O�v��� �OwD Tm� R�i ���� Q�t�UO �xQ�tW QO �Q RDr�y OvqwQ w �p�owO p�v�
�Tvtwr �ULQ�� �v�Qwv Q�W C�Uv ��yOR�� uO�HvU ��Q� Q��at l�
V� � �yOR� � OQw mQ �CU� �C�w �ULQ �� �OwQw �m � Q Dm r� u�w D x �
p�U QO �Cree Lighting� �Qm ��yd�QJ CmQW �Q ��� lm�W R�
��Q� w �� ���yDr� ��yAtq ��Q� x��Wt skQ �OQm C�F OwN s�v x� ����
�xv� Ry uOQw�u���B w QDy� �OQmQ�m ��Q� Q�m w CU� �� u�UQw�wri ��yAtq

�OQ�O xt�O� O�iU p�UoQwv ��yOw�O

p�UoQwv Ow�O Q�DN�U

���v�UQs�v w �n�wv �x�q� OQ�O uwQDmr��vwRi xm���v�UQs�v u�� p�n x�oOvw�B
pmW� CU� p�UoQwv Ow�O Qy �xOvBD �rk �p �wv �x�q� OQ�O xQiL �vwRi xm
w x�q u�� ��yxQiL �AJ CtU �x�q� p �wv �x�q x� C�Ft S�Drw p�ta�� ����
��mQDR�� pY�L QwvV��R �Ov�Q�t x�oOvw�B �wU x� �Q n�wv �x�q ��yuwQDmr�

�CU� x�oOvw�B QO uwQDmr� w xQiL
Q�wv ��yuwQDmr� �xv�mD �va� OvQ�O s�kDUt Q�wv h�mW xm �O�wt QO
�� Q�� ��ypt�L u�� ��mQDR�� �CU� �m� C�iQ� Q�wv ��yxQiL w Vv�UQ
��SQv� h�mW �xR�Ov� �� CU� Q��Q� xOWxO���D uwDwi �SQv� w CU� x�Qty V��D
VvmsyQ� x� CU� s�kDUtQ�e u�W�SQv� Q�wv h�mW xm �O�wt QO ��mQDR��
�OQ�O QDsm �yOR�� ��mQDR�� R� pY�L V��D w OQ�O R��v �Qwr� �xm�W ��

�CU� �QDsm �SQv� h�mW �xR�Ov� R� uwDwi �SQv� u�vJty
O� QD�vs�r�o pFt �O�wt Q� Ovm p�Uo ��� Qwv xm ��xO�t ��Q� wHDUH
�oQR� u�Wi�mW �xR�Ov� w OvQ�O s�kDUt �SQv� h�mW xm Ow� RmQtDt �GaN�
QO GaN �SQv� h�mW �xR�Ov� �OQ�O �Q ��� Qwv x�Dwm Gwtpw� V��R ��Q� sRq
�SQv� h�mW �� Qo�O �xO�t �CU� CrwuwQDmr� ��� u� wrm �xHQO ��� ��tO
�		� �xyO p��w� QO �CU� O�vrU�wQ ��U�vt �xR�Ov� �� h�mW w s�kDUt
�vi ��yVr�J �t� �OvR�U� ��� R�U QR�r O�vrU�wQ �� OvDUv�wD u�QoWywSB
x� CiQW�B �yQ�R�� u�� OQmQ�m x�Dwm Qta w �y�v�UQs�v V�q� pmWt Ovv�t
	SQv� 	�yR�QD w �Vv�UQ Q�wv �	SQv� �r�N 	�yR�QD �y�v�UQs�v QO �sHQDt K��wD ��
VR�ov� �Qwr� x� n �wv �Yr�N�v uOwRi� �� �OR�U�t �Q C�iQ� Q�wv sD� x� xDU� 	�yuwQDmr�
pt�L Ovv�wD�t �yuwQDmr� u�� w ODUQi�t Vv�UQ Q�wv x� �Q �Yr�N�v 	�yuwQDmr� ���tQo
	�yuwQDmr� R� 	Q�tW Qwr� x� p �wv �Yr�N�v uOwRi� �� u�vJty �OvW�� �m� QDmr� u�� QH
�r�N 	�yR�QD w OQ�o� Q�Qk �Yr�N�v 	�yuwQDmr� 	SQv� 	�yR�QD QO Ov�wD�t C�iQ� Q�wv
Q�m �m� QDmr� C�Ft Q�� 	�ypt�L Ovv�t CUQO OwW�t xO�t�v xQiL xm Vv�UQ Q�wv QO
�vat u�� x� Ov� wo�t Q�wv h�mW �Q C�iQ� Q�wv w Vv�UQ Q�wv u�� 	�y	SQv� �x�L�v �Ovm�t
C�iQ� Q�wv w Vv�UQ Q�wv u�� 	SQv� R�QD I�y ��Yr�N�v uwO�� Qwr� 	�yuwQDmr� 	�Q� xm

�OQ�Ov OwHw

�	 
	�	 u�DUtR



��r�oJ �Ovm�t u�U� �QGaN Qwr� ��yxDUyV��R xm OQ�o�t pmWlJwm
V� wQ ��Oa� ��yx�q uOWxOwRi� �� �t�CU� O�� RAlN �x�ql�ORv �yXkv

�OwW�t QDCUOl� Qwr�
p V�q� �xOvyOQ�R� pmWt ��Q� �rLx�Q wv�t� w �m �U�m � �	

 QO
x� xO��q� �x�q Q� �SQv� sm ��yuwQDmr� uOv���D OvOW xHwDt �yv� �OvOQm �O�B
uDN�U ��Q� �Q x�Q �Qw�wv u�� ��	�Ovm�t QDy� �D�Qtx� �Q u� X�wN �s� R�vt

�OQm R�� p�n x�oOvw�B
lJwm �DmQW ���J�v ����t�W CmQW QO �	

 p�U �Qwt�m �v �HwW
�� �Qwt�m �v �Ow� QiUi �� Q�m CmQW XYND �OQm�t Q�m �uB�S ��t�WwmwD QO
�� wo �v s�D Ovv�t �OW �rH GaN x� VyHwD lv�� w Ow� xOQm Q�m GaAs
AlN p��L �x�q ��Hx� �t� OR�U� !wN Q��U� C�i�m �� ���yQwr� CUv�wD w�
�x�q QDO�� R ��tO QO Qwr� �x�k� uOv�� wQ R� V�B w OQ� Q�mx� �Q �Qo�O p��L �x�q
xm �t�ovy �Qwt�m �v �����Ov�Wv QDU� �wQ sm ��tO QO �Q GaN R� �mR�v
uOv�� wQ Ov��Qi ��Q� �Q�y��Wt VwQ Ow� �O� Qwri x�oWv�O QO u�ty�t QoWywSB
�OwQ�t Q�m x� RwQt� �Q�HD �q�m O�rwD QO VwQ u�� �Ow� xDiQo O�� GaAs
�SQv�sm V��D �QJ xm Ovm uWwQ �Q xDmv u�� CUv�wD �Qwt�m �v �		� QO
QDy� OvOw� xDN�U wv�t� w�m �U�m � xm ��p�n��yx�oOvw�B QO �Q p �xOv�q� Q�DiQ
OQ�w uOv�� wQ Ov��Qi QO uSwQO�y ��y�Yr�N�v xm Ow� u�� w� O�yvW�B �Ovm�t
Vv� Qi� QO �Q xOv�q� xm OvR�U�t ���y�tDHtMg �xOv�q� �� w OvwW�t Qwr�
�Q uSwQO�y uwQDmr� uOv���D xm O�UQ�t Q	vx� �Ovm�t QF��� w p�aiQ�e xQiL
pmWt uOQm hQ�Q� ��Q� �Ovm�t p�ai �QMg �xOvQ�PB ��ysD� w Ov�Q�t uwQ��
QO uOv�� wQ R� TB Qwr� x� �yO�tQo �O�W�Ov� �Qo�O VwQ �Qwt�m �v uSwQO�y
�OwQ�t Q�mx� �Q�HD O�rwD QO VwQ u�ty RwQt� �����uSwQO�y uwO� 
�Lt
��� p�UoQwv Ow�O x� uDi��CUO QO syt s�o u�twU xm O� wo�t �Qwt�m �v
����� Ow� uwQDmr� w xQiL��mQDR�� ��Q� O� QD�vs�r�os�Ov�� �x�q uOv�Wv �xOR�� QB
w GaN n �wv ��v�UQs�v u�� w OR�U�t �Q �p�ai� xOvr�Uo �x�L�v x�q u��
�Ow�m Cwk�� QDU� wGaN Qwr� ����Q�sy�v �OQ�o�t Q�QkGaNp �wv ��v�UQs�v
OQw��t OwHwx� O� QD�v s�r�o Qwr�p�n x�oOvw�B QO�v�w�Qi��yXkv w�oDiQQO
O�� R Q��U� Qwr� ��yXkv w �oDiQQO �r�oJ R�v InGaN Q�DN�U QO w
�O���t QO Q�m R� �yvD GaN R� QDu�WNQO Q��U� InGaN p�ai �x�q �t� CU�
xwQo wO Qy w CU� QR�r uDN�U QO s�o u�DUNv p�UoQwv Ow�O CN�U
�		� p�U QO �Qwt�m �v �OvO�O xt�O� �Q QR�r uOQw�Q��x� �Q�m ��J�v w �� wo �v
��OwD Tm� R�i� OQm VQ�Ro �Q �vqw� Qta ��GaN��� �Ow�O QR�rCN�U

���
 X ����� �x��wS
QR�r x� ����DUO ��Q� VqD QO syt Q��U� ��yxR�ov� R� �m� u�tR u� QO
�Ow� C�aq�� xw�v� �mD�B� VQ��v� ��Q� u� OQ� Q�m u�mt� x�Dwm Gwtpw� ��
xm ���� wDQB� �Blu�ray� �Q�wr� lU�O RwQt� s�v�O� xm CU� �r�H �t�
uOQmxO��B u�mt� ��CiQ�PB u�mt� ��� p�UoQwv Ow�OV��O�B R�TBVDN�U
�CU�xDiQo Q�Qk Z�Qkv� Q�N QO CvQDv�� �xm�W R� �� w�O� w C�aq�� s�kDUt
w� ��� p�UoQwv ��yOw�O Q�F��D O� wo�t urQ� �vi x�oWv�O R� pU�vm lQ�t

qwtat� TQDUO QO V� wQ ��yQDU� �xm�W u�� �Q� R CU� Xkv uwO� Qwr�
pmWt �OQ�O OwHw �oQR� ���Q�sy�v O� QD�vs�r�o Qwr� �xm�W w �Ow�m Cwk��

�Ow� O�� R C	re �� w �i�m Q�Oktx� p �wv �xOv�q� uOwRi� swO
u� t r� TB � r � i x� oW �� tR� �WywS B xwQ o �	�� �xyO QN�w� QO
�UQQ� �Q hrDNt ��yxOv�q� �� ���yO� QD�vs�r�o �xQDUo QO VWNQOwQDmr�
��yQwr� R� pmWDt O� QD�vs�r�o QOwB x� OwOLt �yv� C�Oy�Wt �t� ���� OvOQm
��yQwr� p�n ��yx�oOvw�B CN�U ��Q� OvDUv�wDv �Q� R Ow� lJwm Q��U�

�Ovv�� wQ� nQR�
uwDUv� QB QO ��UQ� ��yx�oW��tR� QO �mUwQ�t CQ� Qy �	�� �xyO QO
�HVPE� O� QO�y Q�N� R�iCU�Q�Q� VwQ R� xO�iDU� �� OW jiwt �UQHw�v
�wQ �Q GaN Qw r �l D ��yx �q �hydride vapor phase epitaxy�

�wv R� OwNx�OwN Qwr� u�� xm Ci�� QO �mUwQ�t ����Ov�� wQ� Ow�m Cwk�� QDU�
��UQ� xm �t�ovy �Ow� �oQR� pmWt Rwvy p �wv Qwr� uDN�U �t� �CU� n
l �S �O�DUQi OQwiv�DU� x�oWv�O x� �r�tmD Cq�YLD ��Q� �Q �mUwQ�t
OvOwRi�GaN Qwr� x� Zn �xOv�q� V��WywSB xwQo QO Qo�O u�Q�mty w w"wmv�B
V�q� �mUwQ�t u� R� TB ���� OQm�t p�Uo R�U Qwv xm OvDN�U �Ow�O w
���� Ci�� CUO Viv� ��� p�Uo x� �	�� p�U QO w OwtR� �Q sw� R�vt ��
Ow� �v�UQ�v OvOw� xOv�� wQ ��UQ��WywSB xwQo xm ��xO��q�sw� R�vt ��yx�q
CUO x� xm �Q�DN�U xH�Dv QO �Ov��QOCmQL x� OvDUv�wD�tv u� ��yxQiL w
��� VWNQOwQDmr� xm Ow� u�� xwQo Q	v w Ow�v p�n x�oOvw�B Q�DN�U Ow� xOt�
w d�O ��yuwQDmr� �� OQwNQ��B QO sw� R�vt Q�PBuwQDmr� ��ysD� VR�ov� �xH�Dv
u�QoWywSB xmv� R�V�B w Ow� sm R�vV��D�yOR�� �CU� xOw���mQDR��TBU
�OQm p��aD �QGaN �xQ�� QOVywSB �xt�vQ� ��UQ� OvwQ�V�B u�WQ�m QO Ovv�wD�
RwQ u� �Qw� vi � � GaN ��yQwr � uO v� � wQ O � wo�t lv �� �mUwQ�t
OW�t xOwRi� Qwr� x� R�v uS�Um � ��ysD� �Q� R O�UQ�tv xH�Dv x� HPVE
�yuw� u�� QO uwQDmr� VQ�PB R� �v�t sw� R�vt uw� �� ��mQD R� TB O��W xm
��Q� �Q �tDU�U �mUwQ�t xm OQm p��aD �Q VywSB Q�m �v�tR ��UQ� �OW�t
�MOVPE� �Rri�r� Q�N� R�i CU�Q�Q� QDO�OH �xOvyOO� wv �Qw�vi uOwtR�

�Ow� xOQm xO�t� �metalorganic vapor phase epitaxy�

�Q�O��B V�O�B

�rwmrwt �xm� Q�� CU�Q�Q� w �Rri�r� Q�N� R�i CU�Q�Q� pFt ���yQ�R�� xmv�� ��
hkwDt �	�� �xyO �xv��t QO GaN �xv�tR QO �yVywSB QDW�� �CW�O OwHw
�D�WwUD�t �WywSB �xUU�wt QO u�tR u� QO xm �m �U�m � �	�� QO �t� �OW
QO �� wo �v x�oWv�O x� uDiQ R� TB �CiQ�PB �Q Vr�J u�� OQm�t Q�m w�mwD QO
OOaDt ��yV��tR� s�Hv� �� �OvDUw�B w� x� R�v Qo�O u�Q�mty w wv�t� ��	
�
��
� OR�U� �r�aC�i�m �� �Qwr� �	
� p�U QO OW jiwt �WywSB xwQo u��
pL O�rm sm ��tO QO V� wQ QDU� �wQ O� QD�vs�v�twr� ��x�q uOv�Wv
��ylQwr�AlN �x�q �wQGaNV� wQ ��tO x� uO�UQ R�TB �CU�pmWt

�� �B��B �xQ�tW ��



lQOt w Ot� ��vOx� uB�S wUD�t�t�y QO �	�� p�U QO wv�t �WwQ�y

Ci�� QO�� wo �v x�oWv�O R� �	
	 p�U QO �Q OwN�UOvyt �QDmO w�U�vWQ�m
p�U QO w O�O xt�O� OwN Q�m x� xDU��w QoWywSB s�kt QO x�oWv�O QO �OQm
p�U QO �O�UQ �O�DU� x� ���� p�U QO w CiQ wH�t x�oWv�O x� �		�

�OW x�oWv�O O�DU� w CWoR�� �� wo �v x�oWv�O x� ����
R� TB �Ot� ��vOx� uB�S ��D�m�� QO �	�� p�U QO �Qwt�m �v �HwW

����t�W CmQW QO ��t�WwmwD x�oWv�O Q� OWQ� �U�vWQ�m lQOt Ci�� QO
u�ty�t QoWywSB �			 w �	

 ��yp�U QO �OW Q�m x� pweWt ��J�v
CiQo �QDmO lQOt �t�WwmwD x�oWv�O R� �		� p�U QO �Ow� �O� Qwri x�oWv�O

�CUw�B �Q�� Q���Dv�U QO ��vQi�r�m x�oWv�O x� ���� p�U QO w

�QO�L QO�v �xtHQD

�Nobel Prize in Physics revognizes research lead�

ing to high�brightness blue LEDs

Barbara Goss Levi� Physics Today �� ��	�� �
 �	��
��

�y�HQt
�� K� Lehovec� C� A� Accardo� and E� Jamgochian� Phys�

Rev� �� ��	
��� ���

�� J� R� Haynes� Phys� Rev� �� ��	

�� �����

� N� Holonyak Jr� and S� F� Bevacqua� Appl� Phys� Lett�

� ��	���� ���

�� H� G� Grimmeiss and H� Koelmans� Z� Naturforsch� ��

��	
	�� ����


� H� P� Maruska and J� J� Tietjen� Appl� Phys� Lett� �	

��	�	�� ���

�� J� I� Pankove� E� A� Miller� and J� E� Berkeyheiser�

RCA Rev� �
 ��	���� ��

�� H� P� Maruska� W� C� Rhines� and D� A� Stevens�

Mater� Res� Bull� � ��	���� ���� H� P� Maruska� D� A�

Stevenson� ��	��� �� and J� I� Pankove� Appl� Phys�

Lett� 



�� H� Amano et al�� Appl� Phys� Lett �� ��	���� 
�

	� H� Amano et al�� Jpn� J� Appl� Phys� 
� ��	�	�� L�����

��� S� Nakamura et al�� Jpn� J� Appl� Phys� �� ��		��� L���
�

S� Nakamura� T� Mukai� and M� Senoh� Jpn� J� Appl�

Phys� �� ��		��� L�		��

��� S� Nakamura et al�� Jpn� J� Appl� Phys� �� ��		��� ��
��

S� Nakamura et al� Jpn� J� Appl� Phys� �� ��		��� L�	�

��� S� Nakamura� Science 
�� ��		��� 	
��

�� S� Nakamura et al�� Jpn� J� Appl� Phys� �	 ��		��� L���

��� �Scienti�c Background on the Nobel Prize in Physics ������

Swedish Royal Academy of Sciences�

http���www�kva�se�globalassets�priser

�nobel������fysik�sciback fy en ���pdf �

O�OW Vy�m x� Ov�wD�t uwJ CU� QDW�� Q��U� ���vWwQ CavY Q� �O�iU
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w S�Drw �iL ��Q� �Q xO�t C�r��k �wk ��yOvw�B �OyO�t Qw�a �Q u�� QH

�OyO�t V��Ri� �� QU ��v� RoCr�L
CN�U ��Q� �Q �Tranphorm� sQwiUv�QD s�v x� �DmQW xm �QW�t
�m� Qt� jQ� OYQO xO xm O� wo�t �CU� xDN�Ov� x�Q x� O� QD�vs�r�o �� QwDU� Rv�QD
�OwW�t hQYt �s�kDUt jQ� x� !w�vDt jQ� p�O�D ��Q� qFt ��v� RoQ�Ot QO

�Ovm hYv �Q hQYt u�R�t Ov�wD�t QDxOR�� QB ��yu� RoQ�Ot

u�oOvQ� �xt�v�oOvR

�	�� p�U QO �OW OrwDt uB�S u�Q�J QO �	�	 p�U QO �m �U�m  wt�U��

�� wm QO w�owmCmQW QO w OW p�YLDr�dQ�i wDw�m x�oWv�O swra �xOmWv�O R�
�� wo �v x�oWv�O x� xDU��w QoWywSB s�kt QO �	�	 p�U QO �OQm Q�m x� �wQW
�QDmO lQOt �� wo �v x�oWv�O R� �	�� p�U QO �OW TQOt TBU w CUw�B
�� wo �v x� �	
� p�U QO �t� CiQ �D�WwUD�t �DavY jQ� CmQW x� w CiQo
wH�t x�oWv�O O�DU� w OW xDUWvR�� �� wo �v R� �		� p�U QO �CWoR��

�OQ�O R�v �Q �� wo �v x�oWv�O �xDUHQ� O�DU� u�wva w� �OW

�� 
	�	 u�DUtR




