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[�VUL`T«M+V�J+LÃGKT«K��¶E2n SUK G ]RT?W�E_M GJW LUE_MwW#KKT.V+J+LÃS
L`T_M+V+J+LdGJVPT_M VRM GXI#SvWXS
[�VUL`T«M+V�J+LÃGKT«K­E�G%QPT �0SÃK%GJS
[�W{SUKXE�GMJ!KXSUW[GXI�E_M-�AT?J#QUV S�S¤K;S�%=J#VTKXS`V GKT
GJI!SUKK[�E_QTQTL S � LÃVTGJSvSÃM+T?J+�_I SUQRS
LÃGXKKT«M#W[GKT GJI!S_L`T«M+V�J+LÃGXVPT«M S�E�M+V � Í�� G � T ��S
Q_SUK��AJ#M �¶E�M/GXS`V
VP[�W+J#K;VTGXVRSUWµVRM�EBWXS
[�VUL`T«M+V�J+LÃGKT«K LUK;L2W�GoE_Q$LUE_M�L
T«M GJK;VPS+J!GXSÀGMTBGJI#S V#S
�«KJEgV�E�GJVUT«M"T�n{GJI#S V#S�QNVULUS G
| I#SBQ2VPS!KJE�GXVPT«M�E�Q&W!KKT?W{SUK�GJVRSÃWRT�n
V#S�n S`LÃGXWBVRM W;S`[�VPL
T«M+V+J+LdGMT«K;W��6W�E�K;GJVUL`J#QRE_KXQÂLvGJI#S%VRM GJSÃKJE�LdGJVPT_M
V!L2M�E�[�VPLÃW�E_M+V�SÃM#SUKo�_L GJKXE_M#Wmn SUK�[�S
LoI�E_M#VTWK[�W��¶E�KXS_Q«SÃK;L VP[�W4T_K;GoE�M/G[VRM�V#SÃGXSUKK[�VRM!VRM+�}GJI!S
W;GXKKJ+LdGMJ#K;S T�n�GJI#SÃWXS�V#S
n S
LÃGJW��"E_M+V³VRM LoI�E_KXE�LÃGXSUK;V � VTM+�°GJI#SÃVRK¦W;GJE�S#VRQTVTG3L��&[�VP�_KJE�GXVPT«M}E�M+V K;S�E�Lvl
GJVUT«M#W G

| I#S W�GJKoJ+LÃGKJ#KXS T�nBGXI#S V#S�n S`LdGJW_L�E�M(S�SXJ#M+V#SÃKXW;GKT T.V(S L�n K;S�%=J#SUM�LÃL>lsV+T�[�E_VTM�[�S�E_WoJ#KXSvl
[�SUM GJW��#WKJ+LoI.E_W¶E_M k T?J#KXVTSUK-GJKJE�M#Won8T«Ko[ VTM�n KJE�KXS`V 
 k3|�}�~ ��WKW{S`LdGJKoJ+[ G � SÃK;L�I#VP�«I�KXSUWoT«QPJNGJVPT_M
WKW{S`LdGJKXE�E_M�V�Q_SUK�L°E�L`L
J#KJEHGJS [�SUE_WKJ!KXS`[�SUM GXWÀI�EzQ«S S�SÃSUMvGoE'&�SUM T�n�GJI#SBQTVRM#S �¿VPV!GXI_T�n1GJI#SFE�S l
WKT_KKW!GXVPT«M WKW!V(&_SÃW�VTM GJI#S¼VTM�n KJE_K;S`V 
 }�~ �¢WKW{S`LdGJKoJ+[ GJI�EHG L`T«K;KXSUWoW4T_M+V GKT°GXI#S"V#S
n S
LÃGXW G�k KKT?[
GJI!SUWXS­W�GoE�GXVPL [�SUE_WKJ!KXS`[�SUM GXW�� ��S­M+T_GXS%WXS�Q«SÃKJE_Q·VTM GJSUK;SUW�GJVRM��yW4T_VRM GJW8GJI�E�GZL�E_M�S�S<n8J!K;GJI!SUK¢VTQtl
QPJ�[�VTM�E�GJS
V S L¤I!VP�«I¤K;SUWoT«QPJ!GXVPT«M�GJVP[�SZV�T?[�E�VRM [�S�E�WKJ#K;S`[�SUM GJW�T�n1GXI#S�QRVtn SÃGXVP[�S 
sGJI#S�QTVUn SdGJVP[�S
S{SUVRM��¤KXSÃQ�E�GXS`V}VRM>Q_SUKXW;SUQÂL GMT¤GXI#S[QTVRM#S �¿VPV!GXI T�n�GJI#S[E�S#WKT_KKW!GXVPT«M W{S�E'& � �>E_W���SUQTQ"E_WRS L WoT?[�S
GJI!S`T«K;SÃGJVUL�E_QDV#VRWoL`J#W;WXVPT_M G

� I#VTQRSÀGJI#S:W;GXKKJ+LdGMJ#K;SBE_M+V¤W�GoE�GXVPL�W#KKT�W�SÃK;GJVTSUWAT�n6[�E_M L�V!S
n S`LdGJW¶I#E5Q_SRS{SUSUMvW�GMJ+V!VRS`V��2GXI#SUVTK
V!L2M�E�[�VPLÃW%E�KXS TgnsGJSUM M+T_G �0SÃQRQ
J#M+V#SÃKXW;GKT T.V G | I#S V!S
n S`LdGJWBW!KKT.V+J+LUS�QPT.L�E_QTV � S`VwQNVUS#KJEHGJVPT_M�E_Q
W;GJE�GJSÃW�� �¿I!VPLoI}I�EzQ«S­S � LUVTGXS`V}W�GoE�GXSUW G | I!S W#KKT.LUSÃWXWXSÃW��0S¼E�KXS�GXK;L2VRM���GMT¤VTQRQUJ+[�VTM�E�GXSBVRM+LÃQPJ+V#S
I+T � GJI!S�S � LÃVTGJS
V W;GJE�GJSÃW<L
T?J+W#QTS�GMT.GJI#S�W#I+T«M�T«MfS�EHGJI�T�n0GJI#S�WKT«QTVPV �1GJI!S�KXSÃQ�E �!E�GXVPT«M W�E�GXI
E_M+V GXI#S QTVUn SÃGXVP[�SUW"T�nBGXI#S S � LÃVTGJS
V,W;GJE�GJSÃW G ]�VRK;S`LdG�GJVU[�S V+T?[�E_VTM�[�S�E_WoJ#KXS
[�SÃM/GXWyT�n¦GJI!S
QRVtn SÃGXVP[�SUW:T�n+GJI#S8S � LUVÂGJS
V�Q2VPS#KXE�GJVUT«M�E_Q!W;GoEHGJSUW0E_KXS8M+T �(W�T«WXW;VPS#QTS S�S
L�E�J#W;SZT�n�KXS`LÃSUM GÀEgV�Q�E_M+LUSÃW
VRM�GMJ#M�EgS#QRS���J#QÂGJKJE2nxE_W;G }�~ QTVP�«I G�WKT?J#KoLUSÃW���VRM�LUQPJ�V#VRM+��T?W!GXVPL�E�Q4W�E�KJE�[�SÃGXKXVPL:E�[�W#QRVtq�SUK;W!
 p r4F W �
E_M+V�n KXSÃS�l SUQRS
LÃGXKKT«M.Q�E_W;SUK;W 
 k O O W � G I J+LoI)W;GMJ�V#VRSÃW¢E_K;S J#WXS�n8J#Q1VRM J#M+V#SÃKXW;GJE_M+V#VTM+�¼GJI#SFSUM#SÃKK�_L
GJKXE_M#Wmn SUK W�E�GXI��0E�L2W�E�G V#S�n S`LdGJW:E_M+V.VP[�W+J#KXVÂGJVTSUW0VTM°WXS`[�VPL
T«M+V+J�LÃGMT_KXW G

} M GJI#VTW°GXI#SUW;VRW���GJI#S W;L2W�GJS`[ J#M�V#SUK.W;GKJ+V!L VRWvVTM/GXSUK;W;GJVÂGJVRE_Q ��[�SUE_M#VTM+� E_QPT«M�� GJI#S S4T_M+V
E �NVRW��4T��2L.�«SUM}VTM W;VRQRVUL`T«M.E_M�V �«SUKo[�E�M#VPJ+[ � �¿I#SÃKXS%GXI#S<T��2L.�«SUM}VTW�S�T«M+V#S
V GMT�G��)T�I2V-T«K �BS
E�GKT?[�W G:| I#S T��2L �_SUM�V#S
n S
LÃGXW8I#E5Q_SBGJI#K;SUSBM�E�GKJ#KJE�Q+VRWoT_GMT�W�SÃW�� ÈxË�p � ÈbÉvp �!E_M+V ÈxÌvpBG$k KKT?[�GJI!S
n KXS %=J#SUM+LdL>lsV+T?[�E_VTM [�SUE_WKJ#K;S`[�SUM GJW�� �0S­M�T_GJS%GXI�E�G:GJI#S­QTVRM#S �¿VPV!GXI�T�n�GJI!S ÈbÉ p QRVRM!S%VRM INV
VTW
G��¿VPLÃSFGXI�E�G�T�n·GXI#S ÈxË p E�M+V ÈxÌ p QTVRM#SÃW G F QRWoT ��GJI#S�QRVRM!S �¿VPVNGJI#W T�n·E_QRQ6T�n
GJI#SFVRWoT_GMT?W{SUW8VRM �BS

	



E_K;S�E�QP[�T«W;G:GJSUM GJVU[�SÃWBM�E_K;KKT �0SÃKFGXI�E_M}GJI�T«WXS�VRM INV G F W4T«W;WXVUS#QRS­S ��W!Q�E_M�EHGJVPT_M n8T«K S4T�GJIwT�n

GJI!SUWXS T?S#W;SUKmQ_EHGJVPT_M#W¿VRW�n8T?J#M+V.VRMvGXI#S¦KXSUQRE �!E�GJVUT«M°E_M+V V#S
L�E�L [�S
LoI�E_M#VTWK[ E_M�V.GXI#S L`T?J+W!QRVRM��
T�n�GJI#S O�� ^ GKT¼GXI#S W#I+T«M�T«MXS#E�GJI G
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| I#S¦W;GKJ+V!L_Tgn3LÃK;L2W;GJE_QRQTVRM#S�WoT«QRVUV#W n8T«Ko[�WÀE­QRE_KK�«S W�T«K�GJVPT_M_T�n&L`T«M+V!SUM#W;S`V [�E�GXGXSUK W!I/L2W;VPLUW G
H K;L2W�GoE_QTW�E_W­GXI#SÃL E_K;S_n8T?J#M+V VRM6M�E�GKJ#KXS T«K �«KoT �¿M�VRM E Q�E�S E_K;S_q�M#VTGXS°KXS`��J#Q�E_K¼E�KXKJE�M+�«S�l
[�SUM GJW�T�n¦E�GKT?[�W G�| I!SUWXS q�M#VÂGJS)E_KXKXE_M+�«S
[�SÃM/GXW�E�KXS°M#S
Q_SUKyW{SUKmn S`LdG�VTM�W#KXE�LÃGXVPLÃS�� S+JNG LUE_M
S{S°E�W+W#KoT��NVU[�E�GXS`V S L W{SUKon S
LÃG¼VTM�q�M#VÂGJSy�«S
T?[�SÃGJK;VPLUE_Q¶E_K;KJE�L2W"T�nZW�T«VTM/GXWBL�E�QRQRS
V,rÂ]_`b`xlnmoZoj�� F

Q�EHGXGJVULUS­VTW V#S
q�M!S`V E_W��XE_M³VRM q�M#VTGXS­WXSdG<T�nAW�T«VRM GJW¦VTM WoW�E�LUS�WKT E_KXKXE_M+�«S
V³GXI�E�GFS
Q_SUK�L�W�T«VTM/G
I�E_W%VPV#SÃM/GXVPLUE_Q�WKJ#K;KKT?J#M�V#VRM+�_W G! � j � } G%GKJ#KXM!WBT?J!G�GJI�E�G�GJI#SÃKXSvE�KXS T_M#QTL Í 9 J!M#V(%=J#S �¶E�L2W T�n

E_K;KJE_M+�_VRM+�RW�T«VTM/GXW·WKTBGXI�E�G·GXI#SÃL%I�EzQ«S¿VPV#SÃM GJVPLUE_Q!WoJ#KXKoT?J#M+V!VRM+�«W G:| I#SÃWXS8E_KXKXE�LNW�E�KXS LUE_QRQTS`V[GJI!S
"¿^;]$#H]_lRj¢rÂ]_`b`xlnmoZ¦]_^�^;]_i�j Gd| I#VRW V�TNSÃW0M+T_G [�SUE_M�GXI�E�G0GXI#SUK;SBE_K;SRT«M#QÂL Í 9<LUK�L2W;GoE�QRW¶W�GJKKJ�LÃGMJ!KXSUW��
WXVTM+LUS [�E_M L V#V "�SUK;SUM G��«KKT�J+W#W�T�n�EHGMT?[�W"L�E_M�S�S.E_W;WKT.LUVRE�GJS
V �¿VÂGJIÇE³QRE�GXGXVPLUS_W�T«VTM/G G | I#S
W;GJE_M+V�E�KKV_Q?T«QUJ+[�S�GJI�E�G¿VTW J#W;S`V°GMT¼VPV#SÃM GJVUnsL¤E_M+V�V#SÃWKLUK;VPS{S¦E W�E_K;GXVPL
J#Q�E_K�W;GXKKJ+LdGMJ#K;S�VTW L�E_QTQRS
V
GJI!S�md^di�jd`n]_rsrReXt_^X]d\�h2lnm�+Nc�ls`ÀmoZdrsr G INVTQRVPL
T«M 
�INV �0E�M+V��¦SÃKK[�E_M#VPJ�[ 

�¦S��¶E_KXS V#SÃKXVtQ«S`V�n KKT�[ GJI!S
nxE�LÃS�lsLÃSUM GJSÃKXS
V L
J+S#VUL N0KJEzQ�E_VTW0Q�EHGXGJVULUS G:| I#VRW�VRWÀE�QRWKT�L�E_QTQRS
V�GJI#S­z_lx]_a�eHc{z[jd`x^/+Amd`�+N^JZ �#W;VRM+LÃS�VTG
VRWÀGXI#SFE_KXKXE_M+�«S
[�SÃM/G�T�n�GJI!S�LUE_KKS�T«M)E�GMT?[�WÀVRM�V#VRE�[�T«M+V�LUK�LNW�GoE_QTW � j � G
| I#S�J!M#VTG LÃSUQRQ6Tgn
GJI!S
V#VRE�[�T_M+VvW;GXKKJ+LdGMJ#K;S�VTWÀWXI+T �¿M VTM k VP�?J!KXS Í G

| I#SyW{SUK;VPT.V#VPLÃVTG3LwT�n¿GXI#SyLUK�L2W;GoE�Q¶W;GXKKJ+LdGMJ#K;SvQRS�EgV#W%GMT E W�SÃKXVPT.V#VUL�V#VtQ2VRWXVUT«MfTgn8GXI#S �0EzQ«S
Q«S
LÃGKT«K�T_K [�T?[�SUM GKJ+[ WoW�E�LUS�VRM GKT �¿I#E�G�E_KXS LUE_QRQTS`V%"¿^�lsrsrRe +Nlsc'&HeHc+Zoj GB| I#SUW;S¤E_K;S"V#S
q�M!S`V
S L°GJI#S<N0KJE�����W#QRE_M#SÃW:GJI#E�GZS!VRWXS
LÃG¢E�W;SÃGRTgn:Q«S
LÃGMT_KXWZn KoT?[ GJI#S�T«KXVU�«VRMvGKT�GJI!S%Q�EHGXGJVULUS W�T«VRM GXW
GJI#E�G V#S
q#M#SBGJI#S J#M#VÂG LUSÃQRQ G3| I#S q�KXW�GZN�KXVRQTQPT?J!VRM � T«M#SRn8T«K¶GXI#S V#V�Eg[�T«M�V¤W;GXKKJ+LdGMJ#K;S�VTWÀWXI+T �¿M
VRM k VP�?J!KXS j G | I#S H E_K�GJSUW;V�E_MfV#VRK;S`LÃGXVPT«M!W[E_K;S¤VRM+V!VPL�EHGJS`V��:S+J!G[GXI#Sy[�T«KXS�J#WXS�n8J#Q0K;S
n SÃKXSUM�LUS
W�T«VRM GJW[E_KXS�GXI#SvI#VU�«I W;L.[�[�SdGJK;L�W�T«VRM GJW<[�E_K &_S
V Gf| I#S)( W�T«VRM G­VTW%GJI#S_W�T«VTM/G<T�n8I#VP�_I#SUW�G
W;L.[�[�SdGJK�L ��I#SÃKXS¦QPT.L�E�GXS`V.E�GÀGXI#S LUSUM GXSUK�T�nµGXI#S J#M#VÂG LUSUQTQ G

E
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| I#S�E�GKT?[�W¢VRM³E_W+J#KXS"LÃK;L2W;GJE_Q�WKT«QTVPV ��WoJ+LoI E�W¦E°W;S`[�VPL
T«M+V+J+LdGMT«K���T«WKLÃVRQRQRE�GJS�L`T«QTQRS
LÃGJVtQ«SÃQTL
E�S�T?J!G¼GJI!SUVRK¼S %.J!VRQRVUS#KXVUJ+[ W�T«W;VTGJVUT«M#W���K;SUWKJ!QTGJVTM+�³VRM %.J#E_M GJV � S`V�QNVUS#KJEHGJVPT_M�E_Q [�T V!SUW��AL�E_QTQRS
V
\�h�eHc+eHc!j G)F W+J#K;S<LÃK;L2W;GJE_QµI#E_W¢E �0SÃQRQ�V#S�q�M#S`V}W;SÃGZT�n:LoI�E�KJE�LdGJSUK;VRW�GJVPL n KXS %=J#SUM+LÃVRSÃWZT�n:Q2VUS#KJE2l
GJVUT«M ��L�E_QTQRS
V)GJI!SBW#I+T«M�T«M S�E�GXI GZ| I#SÃWXS W#I�T«M+T«M#WBVTM>Q?T«QtQ«S�GXI#SB[�T_GJVUT«M T�n [�E�M/L)E�GKT?[�W��+WoT
GJI!SÃL E_K;S¼S �2GJSÃM+V#S`V VRM KXSUE_Q·WoW�E�LUS G"| I#SÃL³E_K;S¼E_QRWoT°S �2GJSÃM+V#S`V VRM n KXS %=J#SUM+LdL WKW�EgLUS��µE_WBGJI!S
W#I+T_M+T«M�S�E�GXI_L`T5Q«SÃKXW8EBS�E_M+V�T�n�n K;S�%=J#SUM�LUVRSÃW G � I#VRQTS�E<n8J#QTQDLUE_QPL
J#Q�E�GXVPT«M�T�n1GJI#S¢SUM#SÃKK�_L°E�M+V
[�T?[�SÃM GMJ+[ V#VRW�GJK;VPS+J!GXVPT«MfT�n¿GJI#S_W#I�T«M+T«M#W¼E�QRQPT ��S`V VTM6E W�E_K;GXVPL
J#Q�E_K�LUK�LNW�GoE_QÀW�GJKoJ+LÃGKJ#KXSvVTW
S{SÃL?T_M+V¤GJI#S8WKL
T?W{SRT�n�GXI#VRW�GJI#SÃWXVTW��NE%M=J+[BS{SUK
T�n1E�W+W!KKT��NVP[�E�GJVUT«M#W T�n>VTM+LUK;S�E_W;VRM+��L`T?[�W#QRS �NVTG3L
�«VtQ«S �?T.T Vyq�K;W;G�T«KoV#SUK¿KXSÃWKJ#QÂGJW��AE_M+V)E_KXSBVTM+LUQUJ+V#S`V°VTM F W+W{SUM+V#V � F<G

| I#VTW
KXSÃQ�E�GXVPT«M�S�SdG��0SÃSUM¼GJI#S¶E_QRQUT.��S`V�QNVUS#KJEHGJVPT_M�E_Q>n KXS %.J!SUM+LÃVRSUW�� E_M�V%GJI#SÃVRK �0EzQ«S Q_S`LÃGKT«KXW��
�� VRWdL�E�QRQRS
V­GJI#S W#I+T_M+T«M�V#VRWoW�SÃKXWXVUT«M�L`J#KmQ«S G k J#QTQ1] ,¢lsc�ls`xlne LUE_QPL
J#Q�E�GXVPT«M!W"E_KXS8EzQ�E_VRQRE�S#QTS0VRM¼GJI!S
QRVÂGJSÃKJE�GKJ#KXS � /�� 	 � G I W{S`LÃVUq$L)n SUE�GMJ!KXSUW·GXI�E�G3W#KKT5Q«SÀK;SUQTS
Q�E_M G�E_K;S0GJI#S0WKW#QTVTGXGXVRM+��T�n�GJI!S L`J#KmQ«S¿VRM GKT
T?W!GXVPLUE_Q·E_M�V EgL`T?J#W�GJVUL S#KJE_M�LoI#SUW��
E_M�V Eg� E_VRM VRM GMTvGJKXE_M#WmQ«SUK;WXS�E_M+V QPT_M+�«VTGKJ+V#VTM�E_Q�S#KJE�M+LoI#SUW G
r I+T«M+T_M#W�E_KXSdLÃQ�E_W;WXVUq#S`V¦VRM GMT¶GXI#SUW;Sdn8T?J#KiLUE�GJS
�?T«KXVTSUW 
 QRVRW�GJS
VBVRM T«KoV#SUK6T�n.V#S
LUK;S�E_W;VRM+� n KXS %.J!SUM+LdL
E_M+V­SÃM#SUKo�_L � ��GJKJE�M#WoQ_SUKXW;S T?W!GJVUL�E_Q�
 |�p � �_QPT_M+�«VTGKJ+V#VTM�E_Q>T?W!GXVPLUE_Q 
 O&p � ��QUT«M+�«VÂGMJ+V!VRM�E_Q/EgL`T?J#W�GJVUL

 O6F � �AE_M+VvGXKJE_M#WmQ«SÃKXWXS%E�L`T�J#W;GXVPL 
 |&F � G

| I#S V#VRWoW�SÃKXW;VPT«M L`J#KmQ«SÃW VRM k VP��J#KXS / E_KXSwn8T«KXINVFE_M+V �¦S G | I#S��«KJE�W!I#WXT_M GXI#S nxE�K
KXVU�«I G¢W;VPV#S�E_K;S�GJI!S<V#SÃM#WXVÂG3L�T�n·W;GoEHGJSUW�W#QPT�GJW��0�¿I#VULoI}E_KXS T?S!GJE_VRM!S`V�S L)VRM GJS
�«KJEHGJVRM���T5Q«SÃK¢GJI!S
V#VTWKW{SUKXW;VPT«M�L`J#KmQ«SÃW��=�«VUQ2VTM+�8GXI#S)V!VRW;GXKXVUS+J!GJVUT«M T�n#GJI!S)V#SÃM#WXVÂG3L<T�n+W#I+T«M+T_MB[�T.V#SÃW·E_W
E�n8J#M+LdGJVUT«M

Y



DOS

K X L
0

4

8

12

15

Γ Γ

f 
 [

T
H

z]
100

0

200

300

400

500

−
1

f [cm
     ]

TO

TA

LA

LO

Si

DOS

K X L
0

4

8

12

15

f 
 [

T
H

z]

ΓΓ

Ge
TO

LO

TA

LA

−
1

f [cm
    ]

300

200

100

��� Æ�¸��_��� � �k© �k© �/ ¨¡��!�o�;¡� w�k© §oª ��»�����©/�³� ��©/¡� w�b�.��£À¡3�����3��¡�£T����¡� ¨¬¨ ¨§J�k© ~R�3���!�B��©/�}®��o��¥¦��©2 ¨ª/¥
~R²#���3�3�k¥��;¸·Å  #¯/®kª ���¿§J�kª ���3��¡3����£��v�� �� �	� �NÆ0�¿¯/®kª/���¿§J�kª ���3��¡3�[��£�Æ¶ ¨��©2© ��ÁoÁ� #�o����¬s¸
����� ¸

T�n$n K;S�%=J#SUM�LÃL �/I#SÃKXS¶VTM | � � �>T«K
E_W"E�n8J#M�LÃGJVUT«MBT�n �0EzQ«SÃM.J�[BS�SÃK��/VRM�L`[ � ÈvG3| I!S¶G��)TBSÃQRS`[�SUM GXW
I�EzQ«S�VPV!SUM GJVUL�E_Q:LÃK;L2W;GJE_Q�W;GXKKJ+LdGMJ#K;S��
WoT.GXI#SUVTK V#VRWoW�SÃKXW;VPT«M³E_M+V V#SÃM#WXVÂG3LwT�n0W�GoE�GXSUW L`J#KmQ«SÃW[E_K;S
Q«SÃK;L°W;VP[�VRQ�E�K�� �¿VTGXI��BSBI�EzQ2VRM+�¼QPT ��SUK�n KXS %=J#SUM+LÃVRSÃW�S{S`LUE�J#WXSFVTGXW�[�E�WXW¿VRWÀI#VU�«I#SÃK¶GJI�E_M�INV G

F W#I+T_M+T«M�L�E_M S � LoI�E_M��«S SÃM#SUKo�_L �¿VTGXI KXE�V#VRE�GJVUT«M 
�W!I+T_GMT_M#W � T«K!�¿VTGXI W�E_K;GXVPLÃQRSUW��0E�M+V
GJI!SUWXS�VRM GJSÃKJE�LdGJVUT«M#W [BJ#W�G<L
T«M#WXSÃKoQ_S¤SUM#SÃKK�_L 
 KXSUQRE�GJS
V³GKT n K;S�%=J#SÃM+LÃL �%E_M�Vf[�T?[�SÃM GMJ+[ 
 KXSvl
Q�EHGJS`V³GMT GXI#S �0EzQ«S
Q_S`LdGMT«K � G r I+T«M+T«M.lsV#VTWKW{SUKXW;VPT«M KXSÃQ�E�GXVPT«M#W L�E�M GJI#SÃKXS�n8T«KXSyS{S V!SÃGJSÃKK[�VRM#S
V
S � W{SUK;VP[�SUM GoE_QTQTL S L WKLUE�GXGXSUK;VRM+��W�E_K;GXVPLÃQRSUW"T«K�KJEgV#V�E�GXVPT«M 
8W#I+T_GKT«M#W ��T'" GJI!SXW#I�T«M+T«M#W�VRMÇE
LUK�L2W;GoE�Q Gw| I#S¤G3L.W#VPLUE_Q¶SÃM#SUKo�«VRSÃWBT�n�W#I+T«M�T«M#W¼E_K;S � G �!Í S � �"E_M+V GXI#VRW%WK[�E_QRQ-SUM#SÃKK�_L QRVU[�VÂGJW
GJI!S�G3L.W{SUW<Tgn�W�E_K�GJVPLÃQRSÃW�GJI�E�G�L�E�MfS{S�J#W;S`V GKTXW!KKT?S{S�GXI#S�LUK;L2W�GoE_Q-WKT«QTVPV G O"QRS
LÃGJKoT?[�E��«M#SdGJVPL
KJEgV#V�E�GXVPT«M³I�E_WFGMT.T I#VU�«I E_M SUM#SÃKK�_L 
�&�S � � �·E_W�V+T SÃQRS`LdGJKoT«M#W 
xE�S4T�J!G Í E S � � G I T«QRVUV#W�E_QRWoT
Q«SÃK;L%KXS�EgV#VRQÂL%EgS#WKT«KoS­SUQTS`LÃGXKKT«M!W��'�¿I#VULoI"W#KXS�Q«SUM GXW�E�M[S "�S`LdGJVUQ_SÀWKLUE�GXGXSUKXVTM+��S ��W{SUK;VP[�SUM G G�
 S`J.l
GJKoT«M#W��?T«M%GXI#S T_GXI#SUKµI�E_M+V �_I�EzQ«SÀE_M%SUM#SÃKK�_L[E�S4T�J!GµGXI#S¶WXE�[�S0E_WµGXI�E�G3T�n�W#I+T«M�T«M#W��«E_M+V%GXI#SUVTK
Q�EgL�& T�niLoI�E�KK�«S:E_M+V�I#VP�_I�W{SUM#SdGJKXE�GJVUT«M�[�E'&�SUW�GJI#S
[ VUV#S�E�Q+n8T«K�W;GMJ�V!L"T�n6W#I�T«M+T«M�V#VRWoW�SÃKXW;VPT«M G
} M#SÃQ�E_W�GJVPL:M#S`JNGJKKT_MvWKL�EHGXGJSÃKXVTM+�[VRWAJ#WXS
VvS �2GJSÃM#WXVtQ«SÃQTL�GKTB[�S�E_WoJ#KXSRW!I+T«M+T«M.lsV#VTWKW{SUKXW;VPT«M L`J#KmQ«SUW G
| I#S [�E�K &_SÃKXW8E_QUT«M+�[GJI!S L
J#KoQ_SUW8VRM k VU�?J#KXS /¼E_K;S¦S � W�SÃKXVU[�SÃM/GJE_QiV�EHGoE W4T_VRM GJW G
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} M GJKoT V+J�LÃGJVUT«M Tgn1E_M¤VU[�W+J!KXVTG3LBV#SUW�GJKKT�L2W¶GJI!SZLUK�L2W;GoE�Q+W;L.[�[�SdGJK�L*)NVRM�E�V+V#VÂGJVPT_M¼GKT­E_QÂGJSUK;VRM+�
GJI!S�SÃQRS
LÃGJKoT«M#VUL W#KKT?W{SUK�GJVTSUW T�n-GJI#S�WJE�[�W#QTS��>VTGFE�QRWKT.E_QÂGJSÃKXW�GJI!S"Q2VUS#KJE�GXVPT«M#E_Q3W#KoT?W{SUK;GXVRSÃW�E�M+V
M#S � Q2VPS#KXE�GJVUT«M�E_Qi[�T.V#SUW�[�E�L°E�W+W{S�E_K GA} [�W+J#K;VTGXVRSUW¶GXI�E�G:E_K;SFQTVP�«I GXSUK¶GJI#E_M.GXI#SFI+T«W;G8QRE�GXGXVPLUS
E�GKT?[ �¿VTQRQD�_VUQ«S¦K;VRWXS�GKT¼I#VP�«I!SUK n KXS %=J#SUM+LdL_Q2VPS#KXE�GJVUT«M�E_Q4[�T.V#SUW¶GXI�E�G8E_K;SFE�S4T5Q_S¦GXI#S W#I+T«M�T«M
S�E_M�VfT�n¶GXI#S W�J#KXS�WKT«QTVPV G�| I#SUW;Sy[�T.V#SÃW%E_K;S LUE_QRQTS`V rRe�mX]_r�#�l�,U^X]_`xlneHc{]_r"a�eUz2Zoj 
 O�� ^ W � �"E�W
GJI!SÃL�E_KXS¿QUT LUE_QRV � S`V¼VTM�S�T_GJI¼GJI!S:K;S�E_QAWKW#E�LUS�V+T?[�E_VRM�E_M+V�GJI#S n KXS %=J#SUM+LdL V�T?[�E�VRM � �¿I#VTQRSÀGJI!S
Q�EHGXGJVULUS W#I+T_M+T«M#W¢E_KXS�M+T_G G N0S
L�E�J!WXSBT�n
GJI#VTW:QUT LUE_QRV � E�GXVPT«M �2GJI#SdL W;I+T � J+W}E_W:WXI�E�KKW QTVRM#SÃW:VTM
GJI!SFVTM�n KJE�KXS`V 
 }�~ �¶E�S!WKT«KoW!GJVUT«M°WKW{S`LÃGXKKJ+[ TgnµGXI#S LUK;L2W�GoE_Q1WJEg[�W#QTS � E � G

| I#S L`T�J+W#QRVTM+� S{SÃG���SUSUM�GJI#S O�� ^ W0E�M+V­GJI#S W#I+T_M+T«M�S�E�GJI"T�n{GJI!S8I�T«W;G LÃK;L2W;GJE_Q�V#SUWoLUKXVUS�SÃW
GJI!S��$T � T�n!SUM#SÃKK�_LFVTM/GKT8E_M+V<T�J!G3Tgn#VP[�W+J#K;VTG3L�E_M+V<V!S
n S`LdG:L
T?[�W!QRS �NSÃW G3| I!VRW�SUM#SÃKK�_L��$T � LUE_M
S{S8W;VP�«M!VUq$LUE_M G S�S
L�E�J#W;S8GXI#S8SUQRS
LÃGXKKT«M#VULÀS � LUVÂGoE�GXVPT«M­GXI�E�G�VRW V#S
W4T_WXVTGXS`V�E�G"GJI!S�V#S�n S`LdGJW-VRW·GJI!SUM
EzQ�E_VRQRE�S#QRS·GKTZW#KoT?[�T_GJS
V#S
n S
LÃGd[�VP�_KJE�GXVPT«M¦E_M�V[KXSUE�LÃGXVPT«M#W��2�¿I#VULoI[I�E_W
E_M%VU[�W�T«K�GoE_M G�VRM��+J#SUM+LÃS
T«M GXI#S V#S`�_KJE�V�EHGJVPT_M T�n-WXS
[�VUL`T«M+V�J+LÃGKT«K V#S
Q2VULUSUW G<| I#S­SÃM#SUKo�_L}K;SUQ�E �#EHGJVPT_M�T�n�GJI!SUWXS O�� ^ W
VRM>Q�T«QUQ_SUW­KXS
V#VRW�GJK;VPS+J!GXVRM+�)GJI#SvSÃM#SUKo�_L T�n¿GJI!SvS � LUVÂGJS`V Q2VPS!KJE�GXVPT«M�E�Q�W�GoE�GXS¤GMT}QPT � l n KXS�%=J#SÃM+LÃL
Q2VPS#KXE�GJVUT«M�E_Qd[�T.V#SUW¦GJI�EHG[E_K;S L
T?J+W#QTS`V VTM#SUQRE_W;GXVPLUE_QRQÂL)GKT)GJI!S�QPT.L�E�Q-S � LUVTGXS`V W�GoE�GXS G�| L W!VPL�E�Q
SUM!SUKK��L°KXSUQRE �!E�GJVUT«M¤GJVU[�SÃWÀE_K;SFI=J#M�V#KXS
V#W�Tgn-n S
[%GMT«W;S`L
T«M+V#W¿GMT¼I=J#M+V#K;S`V#W�T�n-W#VPL
T«WXS
L`T«M+V!W G

� I#VTQRS�I#VU�«I l KXSUWoT«QPJNGJVPT_MvE�S#WoT«KKW!GXVPT«M°WoW�S
LÃGJKXE�E�KXSFEzQ_E�VRQ�EgS#QRS��2GXI#S¦QRVUn SdGJVU[�S��«SUM#SÃKJE_QTQTL�L�E_M.l
M+T_G�S{S.E�L`L
J#KJE�GXSUQÂL V#SUK;VUQ«S
V�n KoT?[ GJI!S)QTVRM#S �¿VPV!GXI S�S
L�E�J#W;S�T�n:GJI#S°S �NGXKXS
[�SÃQTL6WXI�T«K;G¼GJVU[�S
WKLUE_QRSÃW0GJI#E�G LoI�E�KJE�LdGJSUK;V � S¢GJI#S:SUQRE_W;GXVPL¿GJKJE�M#WXVÂGJVPT_M#W�QTS�E�V!VRM+�FGMTBV#S
W#I�E_W;VRM+�<T�n>GJI#S�QNVUS#KJEHGJVPT_M�E_Q
GJKXE_M#W;VTGJVUT«M}E_M�V}QRVRM!S �¿VPVNGJI S#KoT E�V#SÃM#VRM�� G<k J#K�GJI#SÃKK[�T«KXS��+VTM#I+T?[�T?�«SÃM#S`T?J!W�S "�S`LdGJW [�E�LXL`T«M.l
GJK;VPS+JNGJSBWXVU�«M#Vtq$L�E_M GXQTL�GKT­GJI#S [�S�E_WoJ#KXS
V E�S!WKT«KoW!GJVUT«M°QRVRM!S �¿VPVNGJI G

| I#S n8J#M+LdGJVPT_M V!SUWKLÃKXVUS#VRM+�¼GJI!S O�� ^ E�S!WKT«KoW!GJVUT«M�W�SUE'&/W¢VRW��_SUM#SÃKJE_QTQTLy�_VUQ«SÃMXS L)E L`T«M>Q�Tgl
QPJNGJVPT_M T�n0GXI#S¼I+T?[�T?�«SUM!S`T?J#W¦QTVRM#S �¿VPV!GXI �¿VÂGJI³E_n8J#M+LÃGXVPT«M V#SÃWKLUK;VPS#VTM+�vGJI#S�VRM!I+T?[�T?�«SUM!S`T?J#W
S#KoT E�V#SÃM#VRM+� G�} M#I�T?[�T��«SUM#S
T?J#W�S#KKT EgV#SUM#VTM+� LUE_M K;SUWKJ!QTGZn KoT?[ GJI!S[W;GXKJE_VTMXq�SÃQPV#W:VRM+V+J�LUS`V�S/L
GJI!S�Q�EHGXGJVULUS"V#S�n S`LÃGXW[VRM³GJI#S�WJE�[�W#QTS G�| I#SUW;SvW;GXKJE_VTM�q�SÃQPV#W L�E_MfS�S�KXS`V�J+LUS
V �NE_M+V GXI#SUK;S
n8T«K;S
GJI!S¢VRM!I+T?[�T?�«SUM!S`T?J#W
L`T_M/GXKXVUS+J!GJVUT«M¼GMT�GXI#S¢QTVRM#S �¿VPV!GXI�E�QRWKTFKXS
V+J+LÃS`V �.S L�QPT �0SÃKXVTM+�FGXI#SZV!S
n S`LdG
L`T_M+LUSÃM/GXKJE�GXVPT«M.VRM¤GXI#S¦WJE�[�W#QTS Gd| I#SFI+T?[�T?�«SÃM#S`T?J!WÀQRVRM!S �¿VPVNGJIvVRWÀGXI#SUM
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K;S`V+J�LUS`V��/E_M+V[GJI!S)q�KXW�G
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V GMTy�«VtQ«S%E �?T.T V)SUW;GXVP[�E�GJS
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| I#S_W�E�K;GJVUL`J#QRE_KBV#S�n S`LdG­GJI�E�G"W!KKT.V+J+LUSÃW­GJI#S O�� ^ ��S°W;GMJ�V!L VRW%VRM GJSÃKXW;GXVTGXV�E_Q
T��NL.�«SÃM�VTM
WXS
[�VUL`T«M�V+J+LÃGKT«KXW G p �2L �_SUM¤VTM�W;VRQTVPL`T_M �0E_W
T«M#S T�n�GJI#S q�KXW�G0VU[�W�J#KXVÂGJVRSÃW
W�GMJ+V#VTS`V�J#WXVTM+� Q2VUS#KJE2l
GJVUT«M�E_Q2WKW{S`LdGJKoT«WKL
T?W L � { � G3} M¼E_M[S�E�KXQTL�W;GKJ+V!L��/DFE�VRWXSÃK
SdG�E_Q G � \ � [�S�E_WoJ#KXS
V[GJI#S }�~ E�S#WoT«KKWNGJVPT_M
T�n�WXVTQRVUL`T«M �NE_M+VvVUV#SUM GXVUq�S
V)E \ � [ 
 Í«Í�� E�L`[ � È �¶E�S#WoT«KKW!GXVPT«M S�E_M+V �¿VTGXI_T��NL.�«SÃMXL
T«M GJSÃM/G8VTM
GJI!S%WJEg[�W#QTSUW G�| I!SÃL)WKJ+�?�_SUW;GXS`V}E�[�T.V#SUQ6Tgn�E_M VTM/GXSUK;W;GJVÂGJVRE_Q+G3L.W�S<V#S
n S
LÃG��$�¿VTGXI)GJI!S<T��2L �_SUM
E�GKT?[ S�T«M+V#S
V.GKT�VÂGJW¶G��AT�M!SUVP�_I.S�T«K;VRM+��INV1EHGMT?[�W G

| I#SÃKXSvE_K;S�GXI#KXSÃS�G3L.W�SÃW T�n Q2VPS!KJE�GXVPT«M�E�Qd[�T_GXVPT«M GJI#E�G%GXI#VRW�V#S
n S
LÃG[S �NI#VPS#VÂGJW G INI+T �¿M VTM
k VU�?J#KXS<9)E�KXS[GJI!S"Q2VUS#KJE�GXVPT«M#E_Q-[�T.V#SUW T�n�GXI#S¼VRM GJSÃKXW;GXVTGXV�E_Q&T��NL.�«SÃMfV#S�n S`LdGJW¦VRMwS�T_GJI INV�E�M+V
�BS G:| I#S¢WXVRQTVPL
T«M�[�T.V#SUW�E_KXS:Q�E�S{SUQTS`V �¿VTGXI�GJI!S�KXS
W#KXSÃWXSUM GJE�GJVUT«M#W)Tgn>GJI#S ����� W�T«VTM/GA�«KoT?J+W�GKT
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�¿I#VULoI GJI#SdL�S{SUQUT«M+��
�V#VTWKL`J!WXWXS
V n8J#K;GXI#SUK:VRM F W+W{SUM+V#V � N � G�| I#SB[�T V#SÃW�E_K;S<LUE_QRQTS`V �AQRS�nsG:GKT
KXVU�«I G��_GXI#S S{SUM+V!VRM+� [�T V!S���GXI#SÀW;L.[�[�SdGJK;VPL0W�GJK;SÃGMLoI"[�T V!S�� E_M�V[GJI#S¿E_M GXVtl3W�L.[�[�SÃGXKXVPL-W;GXKXSdGMLoI
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