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� �''$� # 	-��!� $� 1	�" !%!	( !�!	%$� #  !	�!  	'!2 $�!%	�� '	�!A � $�!'	�	*� %�	
+�� � $���$� � 	$� �!��� � � !��$� � 	*� � �!%%	�� 	 $� ) 	�" !	�!  %	�� # !�" !� 1	=� � ) 	" �'	
� %� 	� !!� 	� � '!� ��) !� 	� , 	�F =�	�" $� 	
 $ -%.	( $�" 	�( �� %!�	� � $2 !�%$�, .	
����	�� '	>� $�$%" 	��!! 1	�" !$� 	*� � '� ��	( �%	� � �	�� ��!'	� � �� 	%�!! 	� � �	�	

+ !4 $�  !	%� � %����!	-��!� $� .	�# �$� 	�	� �   	�� 	� �   	*� � �!%%	( $�" 	�	 $-$�!'	
( $'�" 1	�" !	-�3� � 	'��( � ��) 	( $�" 	� � �" 	� +	�" !%!	*� � �!%%!%	( �%	�" !	� !!'	�� 	
 �-$� ��!	�" !-	� � �� 	�	� �''$� # 	-��!� $� .	( " $�" 	$�%! +	�''!'	�� %�	�� '	
$� �� � '� �!'	+� � �" !� 	$� �!� +��!%	�� '	$� �!��� � � !��$� � 	�� %�%1	

	
�� 	��  �� 	� �!�', 	+�� � $���!'	-� � �  $�" $��  , 	$� �!# ���!'	�-� �*" � � %	%$ $�� � 	
/���$0	� �%!'	�" $� 	+$ -	%�  �� 	�!  %	'$�!�� , 	� � �� 	#  �%%.	*� � 2 $'$� # 	�	*�!�

�� � � !��!'	-�  �$��!  	 6 	 �� # !	��!�	%�  �� 	*�� ! 1	��	( �%	� ! $!2 !'	�" ��	$� 	
*� $� �$* !	�" $%	�!�" � $A � !	�� �  '	� !	�'�*�!'	�� 	*� � '� ��$� � 	� � �� 	�	-!�� 	

%� � %����!1	< � ( !2 !� .	$� $�$� 	%�� '$!%	�� � +$�-!'	�" ��	$�	( � �  '	� !	� !�!%%�� , 	
�� 	$� 2 !� �	�" !	�� �� 	�!  	%�� � ��� �!1	�" $%	( � �  '	�!A � $�!	�" !	'!*� %$�$� � 	� +	�	
� � �	���$	 �, !� 	%�� � ��� �!	���" !� 	�" �� 	�" !	%��� '��'	 �� 	%�� � ��� �!E	$� 	
�''$�$� � .	�" !	� � 2 $� � % , 	�!A � $�!'	�!2 !�%� 	� +	�" !	���� %*��!� �	�� '	� *�A � !	
�� � ����	 �, !�%.	���� %*��!� �	�� � '� ��$� # 	� 4 $'!	/��F 0	�� '	� � -$� $� -	-!�� 	

                                                           
1 Note: in the report the following convention is used for the doped a-Si layers making up the cell: N= 
n doped material, P = p doped material and I = undoped (or ‘intrinsic’) material. Where appropriate the 
superscript + or – is used to indicate highly or low doped material respectively, e.g. N+. 
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-�� ) !�	+� � 	 ��!� 	!4 * � $���$� � 	� +	�" !	�!�" � �  � # , 1	��	( �%	* �� � !'	�" ��	�" $%	
( � �  '	� !	��" $!2 !'	� , 	�" !	+� � �" !� 	'!2 ! � *-!� �	�� '	*� � '� ��$� � $%��$� � 	� +	

�" !	� !����	� �'	�!�" � �  � # , .	( � � ) $� # 	$� 	*�� �� !�%" $*	( $�" 	� �''$� # 	

-�� � +���� �!�%	�� 	'!2 ! � *	�	+��$ $�, 	��*��  !	� +	*� � '� �$� # 	��	 !�%�	��5=*	
*1�1	�" !	�$-!	%�� !%	�� 	��" $!2 !	�" $%	( !�!	!4 *!��!'	�� 	� !	 !%%	�" �� 	9	, !��%	

�� '	� � 	-� �!	�" �� 	��	, !��%1	

	

�" !	� !������ �'	*� � 3!��	( �%	$� $�$��!'	( $�" 	�" !	� 2 !��  	� � 3!��$2 !	� +	
'!2 ! � *$� # 	�" !	�!�" � �  � # , 	�� 	�  � ( 	�" !	'$�!��	'!*� %$�$� � 	� +	-�  �$��!  	

�" $� 	+$ -	�-� �*" � � %	%$ $�� � 	/���$0	� �%!'	%�  �� 	 6 	%�� � ��� �!%	� � �� 	-!��  $�	
%� � %����!%.	( $�" 	�" !	�$-	� +	$� �!# ���$� # 	%�  �� 	*�� ! 	�!�" � �  � # $!%	� � �� 	
!4 $%�$� # 	�, *$�� 	� � $ '$� # 	� �''$� # 	*� � '� ��%1		
	
�" $%	*� � 3!��	( �%	%��� �!'	$� 	7 �� � �� , 	����	� , 	�� �!�%�  �� 	? � � � *	�� '	$�%	
��   �� � ���� �%	K	  �%-�	B � !%�	�$-$�!'	/ B �0	�� '	�4 $�!�" 	�$-$�!'1	
	
 B �	� � � # " �	%*!�$� $%�	!4 *!� �$%!	$� 	* �%-�	'!*� %$�$� � 	�!�" � �  � # , .	
%*!�$+$��  , 	�! ��$� # 	�� 	C�" $� 	+$ -D	%$ $�� � 	'!*� %$�$� � 	� %$� # 	  �%-�	
�� " �� �!'	�" !-$�� 	6 �*� � � 	�!*� %$�$� � 	/ ��6 �0	�� '	�� � ����	'!*� %$�$� � 	
� %$� # 	%*� ��!� $� # 	�!�" � �  � # , .	�� 	�" !	*� � 3!��1	�4 $�!�" .	�" !	� & D%	 !�'$� # 	
 �%!� 	�!�" � �  � # , 	�� -*�� , .	" �'	*� � '� �!'	 �%!� 	%, %�!-%	+� � 	�" !	�" $� 	+$ -	
%�  �� 	�� '	�" $� 	
 $ -	�$%* �, 	$� '� %�� $!%	�� '	( !�!	$'!�  , 	* ��!'	�� 	'!2 ! � *	
�" !	 �%!� 	*���!� � $� # 	*� � �!%%!%	�!A � $�!'	� , 	�" !	� !( 	�!  	%�� � ��� �!1	

	

 �   � ( $� # 	�" !	 $A � $'��$� � 	� +	�" !	�� �!�%�  �� 	? � � � *	$� 	�!�!-� !� 	����.	�" !	
*� � 3!��	( �%	*� �	� � 	" �  '.	*!� '$� # 	�!�**��$%� 	�� '	�!* �� � $� # 	� +	�" !	
*� � 3!��	� , 	�" !	� !( 	� ( � !�%	� +	�" !	�� �!�%�  �� 	>� $'# !� '	*� � '� ��$� � 	* �� �.	

�� 1	�+�!� 	� !��  , 	�	� � !	, !�� 	'! �, .	�" !	*� � 3!��	( �%	�**� � 2 !'	�� 	�� � �$� � !	
$� 	F ��� � !� 	���:	� � '!� 	�" !	'$�!��$� � 	� +	�� 	��  �� 	� & 	��'.	�� '	� %$� # 	�" !	
%�-!	# � � � *	� +	��   �� � ���� �%.	( $�" 	�	�!2 $%!'	�� -* !�$� � 	'��!	� +	7 �  , 	

���91	�" $%	�  � ( !'	% $# " � , 	 !%%	�" �� 	�" !	� � $# $� �  , 	* �� � !'	:	, !��%	+� � 	
�" !	( � � ) 1		

	
/��	%" � �  '	� !	� � �!'	$� 	�" !	+�   � ( $� # 	�" ��	( " !�!	�� 	$%	�!+!�!� �!'.	�" $%	
%" � �  '	� !	�!�'	�%	�� 	�� '	�	� � 	�� �!�%�  �� 	K	�	-�3� � $�, 	� +	�" !	%��++	�� '	
+��$ $�$!%	���� %+!� �!'	+� � -	�� �!�%�  �� 	�� 	�� 	��  �� 	� & .	-�$� ��$� $� # 	*� � 3!��	
�� � �$� � $�, 10	
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�''$�$� � � 	! !��� $��  , 	$� %�  ��$� # 	 �, !� 	� !�( !!� 	�" !	�!  	�� '	%��$�  !%%	%�!! 	

* ��!1	�� 	�''$�$� � .	�" !	*� � 3!��	( � �  '	� !!'	�� 	'!2 ! � *	�" !	$� 2 !� �!'	�!  	

*� � �!%%1	=" $ %�	�" !	�� � %� � �$� -	" �'	*� � '� �!'	$� 2 !� �!'	�!  %	$� 	*�%�	�L �	
���$2 $�, 	�� '	�" !�!+� �!	" �'	!4 *!� $!� �!	� +	�" !	$%%� !%	$� 2 �  2 !'.	�" !�!	" �'	
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� �%!'	� � 	�" !	C� %� � D	��F 	�	���$	�!  	K	�!�� 	-!�� 	�� � ����	%!A � !� �$� 	
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���$	'!*� %$�$� � 	%�!*1	�	 � ( 	�!-*!���� �!	*� � �!%%	/%� � 	���	'!# �!!%	�0	
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 $� �  , .	�	�� $�$�� 	� �%$%	+� � 	�" !	�� --!��$� 	�������$� � 	� +	�" !	� !������ �'	
*� � '� ��	( �%	�" ��	$�	( � �  '	� !	�!�'$ , 	�� '	!�%$ , 	$� �!# ���!'	$� �� 	%��� '��'	
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%�" !-!%	�� 	� !	'!+$� !'	�� '	*� � 2 !� E	$�	( �%	�� � %$'!�!'	� �  $) ! , 	�" ��	�" !	
*� � �!%%!%	'!2 ! � *!'	+� � 	�" !	%��� '��'	 �-$� ��!'	#  �%%	*� � '� ��%	( � �  '	
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( � � ) 	�� 	*� � �!!'	$� 	*���  ! 	( $�" 	�!  	'!*� %$�$� � 	'!2 ! � *-!� �1	
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���� %*��!� �	* �%�$�	� � 	%$-$ �� 	�" $� 	�� ��$� # 	/���" !� 	�" �� 	#  �%%	�%	� %!'	$� 	
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%!!) $� # 	+� � �" !� 	'!��$ 	%" � �  '	�� � ����	�� 	� � 	�" !	�! !2 �� �	��   �� � ���� � /%01	
	



Page 6 of 47 

::::1111					�I  ���5�� ���	=F �&�I  ���5�� ���	=F �&�I  ���5�� ���	=F �&�I  ���5�� ���	=F �& 				
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�" !	-� %�	�� --� � 	-!�� %	+� � 	�!'� �$� # 	*� $� � 	*� � �!%%	�!%$'� � 	# �%!%	$%	�� 	
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2 Essentially, any residual n layer dopant gas in the PECVD system during the I layer deposition adds 
to the tendency towards n type material that this layer naturally exhibits. The resultant internal electric 
field profile (effectively N+ - N- - P) fails to collect photogenerated carriers as efficiently as the 
intended NIP cell, resulting in a poor cell fill factor (FF) and thereby low PV response. In contrast, 
residual p type dopant gas incorporated into the I layer (in a conventionally deposited PIN cell) 
counteracts the natural n type tendency, with beneficial effects (in moderation). 
3 As compared to the much poorer p doping processes – another reason that PIN a-Si cell PECVD is 
easier. 
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� %$� # 	C%��� '��'D	%� � %����!%	�� '	�� � ����%	/$1!1	#  �%%	K	��F 	K	� � 	K	� 	
-!�� 	�� � +$# � ���$� � 0.	 ��!� 	�" !	�� ��!'	%�!! 	%� � %����!%	�� '	�**� � *� $��!	
�� � ����	-��!� $� %1	�" $%	( � � ) 	$%	'$%�� %%!'	+� � �" !� 	$� 	�" !	�!%�  �%	%!��$� � 1	
	
���$2 $�, 	>01	��%!� 	 ���!� � $� # 	�	�!  	�%�  ��$� � 	�!2 ! � *-!� �	
�" !	*� � 3!��	�!A � $�!-!� �%	��� ', 	$'!� �$+$!'	�" !	 �%!� 	*���!� � $� # 	���$2 $�, 	�%	
� � !	� +	�" !	" $# " !%�	�!�" � $�� 	� $%) %	�� 	��" $!2 $� # 	�" !	� !������ �'	*� � '� ��1	
�" $%	( �%	*� $-�� $ , 	�" !	�!%�  �	� +	�� � �!� � %	�!# ��'$� # 	�" !	$� �� $ $�, 	�� 	
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*� � �!%%	 �, !�%	+� � -	� � �" 	%$'!%	� +	�" !	%� � %����!.	�	�!�" � $A � !	� %!'	�� 	

�'2 �� ��# !	( $�" 	#  �%%	� �%!'	*�� ! 1	�" $%	( �%	�-* $+$!'	� , 	�� � �!� � %	
�!# ��'$� # 	�	*� %%$�  !	 ��) 	� +	%! !��$2 $�, 	� +	�" !	*� � *� %!'	 �%!� 	*� � �!%%!%	�� 	

%� -!	� +	�" !	!4 *!��!'	� !������ �'	 �, !� 	�� -� $� ��$� � %.	*�� �$��  ��  , 	�" !	

� %!	� +	*�!2 $� � % , 	� � �!%�!'	*�$� �	�� '	� �" !� 	*� � �!��$2 !	�� ��$� # %	+� � 	�" !	

%�!! 	%� � %����!%1	
	

 $# � �!	�	%" � ( %	�	�, *$�� 	-� � �  $�" $�	$� �!# ���$� � 	%�" !-!	� %!'	+� � 	

%��� '��'	#  �%%	� �%!'	���$	%�  �� 	*�� ! 	-�� � +���� �!1	�� 	*� $� �$* !.	
�!* ��$� # 	�" !	#  �%%	%� � %����!	( $�" 	�	�� ��!'	%�!! 	%� � %����!	/�� '	�" �� # $� # 	

�" !	�� � ����	�� '	�!  	-��!� $� %0	*� � 2 $'!'	�" !	�!A � $�!'	� !������ �'	

*� � '� ��1		�� 	%� --�� , .	�" !	�" �!!	) !, 	%�!*%	�!A � $�!'	( !�!8	
	

�1	��%!� 	%�� $� $� # 	�� 	'!+$� !	�	%!� $!%	� +	$%�  ��!'	�!�� 	/-!�� 0	�� � ����	*�'%	

� � 	�" !	�� ��!'	-!��  $�	%� � %����!1	5!�� 	�� � ����	�" $�) � !%%	M����:��� -1	

�" $%	%�!*	( �%	�  � ( !'	�� 	*�� �$�  , 	��  ��!	�" !	�� ��$� # 	-��!� $� .	%� 	 � � # 	�%	
� � 	 $+�$� # 	� � 	'�-�# !	�� 	�" !	-!�� 	�!�� 	�� � ����	�!%�  �%	�� '	�" !	�!%�  �$� # 	

�� *� # ��*" $�� 	%�!*	( �%	�� -*��$�  !	( $�" 	+� � �" !� 	'!*� %$�$� � 	�� '	 �, !� 	
*� � �!%%$� # 1	
	
�1	��%!� 	�� ��$� # 	� +	�*!� �� �!%	/C2 $�%D0	$� �� 	�" !	%� � %!A � !� � , 	'!*� %$�!'	���$	
� �%!'	%�  �� 	�!  	 �, !�%1	�" !%!	�*!� �� �!%	" �'	�� 	+�   , 	�!-� 2 !	�" !	���$	
( $�" � � �	�**�!�$��  !	�!-� 2 � 	� +	� � 	'�-�# !	�� 	�" !	� � '!�  , $� # 	-!�� 1	���$	
 �, !� 	�" $�) � !%%	M	:���9��� -1	�" !	%� � %!A � !� �	+� � � �	�� � ����	-��!� $� 	( �%	
�!A � $�!'	�� 	'!*� %$�	'� ( � 	�" !%!	�*!� �� �!%	�� '	*� � 2 $'!	! !��� $�� 	
�� � � !��$� � 	� !�( !!� 	�" !	+� � � �	�� '	�!�� 	�� � ����%	� +	�'3��!� �	�!  %.	�" � %	2 $�	
!'# !	'! �-$� ��$� � 	/���$	�� 	-!�� 0	" �'	�� 	� !	-$� $-$%!'1	
	
:1	��%!� 	%�� $� $� # 	� +	�" !	���� %*��!� �	+� � � �	�� � ����	-��!� $� .	�� '$� -	�$� 	
F 4 $'!	/��F 0	�� 	'!+$� !	�	%!� $!%	� +	! !��� $��  , 	$%�  ��!'	+� � � �	�� � ����	*�'%1	
�" !	��F 	 �, !� 	( �%	!4 *!��!'	�� 	� !	M9��� -	�" $�) 1	��-�# !	�� 	�� '�� � 	

�!-� 2 � 	� +	�" !	���$	 �, !� 	� ! � ( 	�" !	��F 	( �%	*!�-$%%$�  !	�%	 � � # 	�%	�" $%	
'$'	� � �	!4 �!� '	�� 	�" !	 � ( !� 	�� � ����	 �, !� .	� � 	'!�� $-!� ��  , 	�++!��	���$	�!  	
*!� +� �-�� �!1	
	

�� 	�''$�$� � .	�" !	 �%!� 	*���!� � $� # 	" �'	�� 	" �2 !	�	�!*� � '� �$� $ $�, 	� +	( $'�" 	
�� '	 $� !�� $�, 	�� -*��$�  !	( $�" 	�" !	��  !��� �!%	�!A � $�!'	+� � 	�� 	��--	�!  	
*$��" 1	�� 	*����$�!.	�" $%	�!A � $�!'	�" !	*���!� � !'	 $� !	�� 	+�  	( $�" $� 	�	�1�--	

( $'!	G � � !1	�%�  ��$� � 	 $� !%	� %� 	� !!'!'	�� 	� !	� +	%� ++$�$!� �	( $'�" 	�� 	*� � 2 $'!	
+�   	! !��� $�� 	$%�  ��$� � 	� !�( !!� 	�'3��!� �	�!  	�� � ����	*�'%.	, !�	�%	�" $� 	�%	

*� %%$�  !	�� 	-$� $-$%!	�" !	� � � %��  !	�!  	$� �!��� � � !��	�!# $� � 	�	$'!�  , 	� � �	
!4 �!!'$� # 	�1�--1	�" $%	�!A � $�!'	�! $��  !	�� '	�" � � � � # " 	�!-� 2 � 	� +	�" !	
�� � ����	-��!� $� %1	�*��$� # 	� +	�" !	:	*���!� � !'	C $� !%D	� %� 	� !!'!'	�� 	� !	
-$� $-$%!'.	$'!�  , 	�� 	�1�--	� � 	 !%%1	
	

�!2 ! � *-!� �	� +	�" !	 �%!� 	*� � �!%%!%	�� '	�!�" � $A � !%	�� 	��" $!2 !	!��" 	� +	
�" !	�� � 2 !	%�!*%	$� '$2 $'� �  , 	*� � # �!%%!'	( $�" � � �	'$++$��  �, 	�%	�" !	

-��!� $� %	� !��-!	�2 �$ ��  !	� � 	�" �� # !'	'� � $� # 	�" !	*� � 3!��1	�� 	*�!*����$� � 	
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+� � 	�" !	 ��!� 	$� �!# ���$� � 	���$2 $�, .	�''$�$� � � 	-�  �$* !	*���!� � $� # 	�� $� %	( !�!	

� %� 	� � � 	�� 	�" !�) 	+� � 	*� �!� �$� 	$� �!� +!�!� �!	*� � �  !-%.	!1# 1	�" !	$-*���	� +	
2 !� , 	� � %!	%*��$� # 	� +	�" !	 �%!� 	*���!� � $� # 	%�!*%1	�# �$� .	� � 	%$# � $+$��� �	

'$++$��  �$!%	( !�!	!4 *!� $!� �!'1	

	

�" !	+$� � 	�� $� %	�!A � $�!'	�� 	%� **� � �	�" !	�� �!# ���$� � 	���$2 $�, 	� %!'	�" !	
-��!� $� %	�� -� $� ��$� � %	'!� $2 !'	! %!( " !�!	$� 	�" !	*� � 3!��	�� 	*� � 2 $'!	�" !	
 �, !�%	�� 	� !	*���!� � !'1	��%!� 	*� � �!%%$� # 	� %!'	�" !	*� � �!%%!%	*�!2 $� � % , 	

'!� $2 !'	+� � 	�" !	$� '$2 $'� � 	*���!� � $� # 	%�!*%.	( $�" 	-$� � � 	�'3� %�-!� �	�%	
�!A � $�!'	�� 	���� --� '��!	 �, !� 	�" $�) � !%%	� � 	*� � *!� �$!%	�" �� # !%1	

	

�%	�!*� � �!'	 ��!� .	�" !	$� $�$� 	$� �!# ���!'	�!  %	%" � ( !'	2 !� , 	*� � � 	%�  �� 	 6 	
�� � 2 !�%$� � 	!++$�$!� �, 1	� �" � � # " 	-� %�	 $) ! , 	�� 	���$	'!*� %$�$� � 	$%%� !.	$�	

( �%	'!�$'!'	�� 	�''�!%%	�  	*� %%$�  !	��� %!%	$� 	*���  ! 	�� 	��" $!2 !	�	

*� � -*�	�!%�  � �$� � 	� +	�" !	*� � �  !-1	
 � � 	�" !	 �%!� 	*���!� � $� # 	�" $%	�!A � $�!'	

�� 	!4 �-$� ��$� � 	� +	�� , 	*���!� � $� # 	$� '� �!'	%� � ��!%	� +	*!� +� �-�� �!	 � %%1	
�" !	+�   � ( $� # 	��� '$'��!%	( !�!	�� � %$'!�!'	/$� 	� �'!� 	� +	*� � � �� $ $�, 08	

	
�0	
 �$ � �!	�� 	��" $!2 !	# � � '	! !��� $�� 	�� � ����	� !�( !!� 	�'3��!� �	+� � � �	�� '	
�!�� 	�� � ����%	'� !	�� 	�!%$'� � 	���$	$� 	�" !	�*!� �� �!%	*� � 2 $'!'	� , 	 �%!� 	
*� � �!%%	%�!*	�1	
� 0	�� � ����	C%�!*	�� 2 !��# !D	$%%� !%	'� !	�� 	 $+�$� # 	� � 	'! �-$� ��$� � 	� +	
-��!� $� %	+�   � ( $� # 	 �%!� 	*���!� � $� # 1	�" $%	�� �  '	�** , 	�� 	�  	� +	�" !	
*���!� � $� # 	%�!*%1	
�0	��%!� 	$� '� �!'	'�-�# !	� +	�" !	���$	 �, !�%	�'3��!� �	�� 	�" !	*���!� � $� # 	
�!%�  �$� # 	+� � -	 �%!� 	*� � �!%%$� # 	��	%�!*%	�	�� '	:1	
	
� �" � � # " 	'$%�� � � �!'	�%	�	 $) ! , 	��� %!	� +	 � ( 	!++$�$!� �, .	$�	( �%	� %� 	
'!�$'!'	�� 	�!��" !�) 	�" !	$� �!� ��!  	$%�  ��$� � 	��" $!2 !'	��	%�!*%	�	�� '	:	+� � 	
�� -* !�!� !%%1	
	

�� 	� �'!� 	�� 	%!*����!	� � �	�� , 	$%%� !%	'� !	�� 	�!  	'!*� %$�$� � .	�� $� %	�$-!'	��	
�!%�$� # 	�" !	�� � 2 !	� %� 	� %!'	%�� � ��� �!%	$� 	( " $�" 	�" !	���$	� � 	( �%	�!* ��!'	
� , 	�� 	���$	�	 �, !� 1	�" $%	*� � 2 $'!'	�	%!-$�$� %�  ��$� # 	 �, !� 	$� 	* ��!	� +	�" !	
! !��� $��  , 	���$2 !	%�  �� 	�!  	�� '	�  � ( !'	�� , 	���$	'�-�# !	�� 	� !	-� �!	

�!�'$ , 	�%%!%%!'1	
	
�" !	�� $� %	� %!'	�	�� -� $� ��$� � 	� +	! !��� $�� 	�!%�$� # 	�� '	*" , %$�� 	

!4 �-$� ��$� � 	$� � � '$� # 	%� � +��!	*� � +$ $� # 	�� '	� *�$�� 	�� '	! !��� � � 	
-$�� � %�� *, 1	�%	!4 *!��!'.	�" $%	( � � ) 	'!-� � %����!'	�" ��	�" !	 �%!� 	

*���!� � $� # 	( �%	!++!��$2 !.	�� � � � '$� # 	'!2 ! � *-!� �	� � 	�" $%	( � � ) 	���$2 $�, 1	
�� � %!A � !� �	*���!� � $� # 	( �%	" � ( !2 !� 	�� � �$� � !'	�%	�	C+$4 !'D	*� � �!%%	�� 	
%� **� � �	+� � �" !� 	$� �!# ���$� � 	%�� '$!%	�%	�!*� � �!'	 ��!� 1	
	
���$2 $�, 	�01	�� � ����	�� '	C>�� � $!� D	��, !� 	5��!� $� %	�!2 ! � *-!� �	
�" $%	���$2 $�, 	!� �� -*�%%!'	�" �!!	'$%�$� ��	*�� ! 	�� -*� � !� �%8	�" !	
%� � %����!	�� '	� 2 !�  , $� # 	$� %�  ��$� # 	�� ��$� # E	�" !	� ��) 	/-!�� 0	�� � ����E	�� '	
�" !	+� � � �	/��F 0	�� � ����1	�" !%!	��!	'!� �	( $�" 	%!*����! , 	$� 	�" $%	%!��$� � 1	
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$0	�� ��!'	�� � %����!		

�� � %����!	-��!� $� 	�� -*��$� $ $�, 	( $�" 	 ��!� 	*� � �!%%$� # 	( �%	'!�!�-$� !'	�� 	
� !	�	�� $�$�� 	$%%� !	$� 	�" !	�!A � $�!-!� �%	��� ', 1	�	� � -� !� 	� +	-��!� $� %	K	

!2 !� 	( $�" 	C� �� � $!� D	�� ��$� # %	K	( !�!	 $) ! , 	�� 	� !	� � %� $���  !	'� !	�� 	$� � ��!	

$� �� -*��$� $ $�, 	( $�" 	�" !	���$	 ��6 �	*� � �!%%1	�� � +��!	-� �*" �  � # , 	�� '	

�� *� # ��*" , 	� +	�" !	%� � %����!	( �%	� %� 	$-*� � ��� �1	�" !	�" $� 	+$ -	 �, !�%	
� %!'	$� 	�" !	+�� � $���$� � 	� +	�" !	�!A � $�!'	 6 	'!2 $�!	�� �  '	�  	� !	*� � '� �!'	
� , 	�!�" � $A � !%	�" ��	�  � ( !'	�	# � � '	'!# �!!	� +	�� � +� �-� 	�� 2 !��# !E	

" � ( !2 !� 	�" !	%�� !	� +	�� , 	�� � � *�	%� � +��!	$� �!# �  �� $�, 	� !!'!'	���!+�  	
�� � %$'!���$� � 1	

	

5� %�	�� $�$��  , .	$� 	� �'!� 	+� � 	�" !	 6 	'!2 $�!	*���!� � $� # 	�� 	� !	!++!��$2 !	/$� 	
*� � '� �$� # 	%!� $!%	! !��� $��  , 	�� � � !��!'	�!  %0.	�� 	! !��� $��  , 	$� %�  ��$� # 	

�� ��$� # 	( �%	�!A � $�!'	� � 	�" !	-!�� 	%� � %����!1	�" !	*� � 3!��	*� � *� %!'	�� 	

� %!.	�%	�	*� $� � $�, .	� �!�', 	!%���  $%" !'	�� ��!'	%�!! 	� � $ '$� # 	� �''$� # 	

*� � '� ��%	�� 	*� � 2 $'!	�" $%	$� %�  ��$� � 1	< � ( !2 !� .	�" !	���!*���  !	�� ��$� # %	
( !�!	�� � %���$� !'	� � �" 	� , 	�" !	� !!'	�� 	*� � 2 $'!	�� 	!%%!� �$�  , 	 � ( 	

� � � # " � !%%	+$� $%" 	/�%	�� � 2 !0	�� '	�� 	� !	�� -*��$�  !	( $�" 	 ��!� 	'!*� %$�$� � 	
%��# !%.	$� 	*�� �$��  �� 	�" !	���	'!# 1�	K�$	 ��6 �	*� � �!%%1	�	 �� # !	��� # !	� +	
� � �-� 	$� '� %�� $� 	+$� $%" !%	( � �  '	�" !�!+� �!	� !	� � %� $���  !.	!1# 1	*�$� �%.	
* �%�$�%	�� '	 ��A � !�%	" �2 $� # 	�	" $# " 	*� � � %$�, 	�� '	�	� � 	�	�" !-$%�� , 	�" ��	
( �%	 $) ! , 	�� 	�! !�%!	�� � ��-$� �� �%	$� �� 	�" !	2 ��� � -	'!*� %$�$� � 	
*� � �!%%!%1	�''$�$� � �  , .	C*$� " �  !D	'!+!��%	$� 	-� %�	$� '� %�� $� 	+$� $%" !%	
�!� '!'	�� 	� !	� � 	�� � 	 �� # !	�	%�� !	�� '	��	�� � 	" $# " 	�	'!� %$�, 	�� 	� !	
�**� � *� $��!	+� � 	�" !	�!A � $�!'	 !2 ! 	� +	! !��� $�� 	$%�  ��$� � 1		
	
�� $�$� 	'$%�� %%$� � 	�� '	�!2 $!( 	� +	� *�$� � %	( $�" 	�� � � %	��  � ���!! %	$'!� �$+$!'	
�" ��	�	( $'!	��� # !	� +	�� ��!'	%� � %����!	� *�$� � %	%�$  	!4 $%�!'	( $�" $� 	�" !	
�� � 2 !	�� � %���$� �%1	=" $ %�	� �" !� 	-!�� 	�� �  '	� !	�� � %$'!�!'.	%��$�  !%%	
%�!! 	( �%	�" !	� !%�	��� '$'��!.	� !$� # 	) � � ( � 	�� 	� !	$� �� $� %$��  , 	�� -*��$�  !	
( $�" 	%� � %!A � !� �	'!*� %$�$� � 	%�!*%1	�� � � %	��  � ���!! %	( !�!	� %� 	��  !	�� 	
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� � �	( $�" 	�" !	+� � � �	�� � ����	�!* ��!'	� , 	�" $� .	%!-$���� %*��!� �	� � -$� $� -1	
�" $%	( �%	�� 	! $-$� ��!	�� � �!� � %	�!# ��'$� # 	�" !	*� %%$�  !	$-*���	� +	�" !	��F 	
'!*� %$�$� � 	*� � �!%%1	

	

5$� � � 	�" �� # !%	�� 	*� � �!%%!%	( !�!	-�'!	'� � $� # 	�" $%	*" �%!	� +	�" !	( � � ) 	$� 	
�!%*� � %!	�� 	�!%�  �%	� � ��$� !'1	& !, 	�-� � # %�	�" !%!	( �%	�	�!'� ��$� � 	� +	���$	
'!*� %$�$� � 	*� � �!%%	�!-*!���� �!	$� 	�!%*� � %!	�� 	�� � �!� � %	�" ��	*� � � 	

$� �!# ���!'	�!  	*!� +� �-�� �!	( �%	�!%�  �$� # 	+� � -	�� � ��-$� ��$� � 	'� !	�� 	�" !	
�! !�%!	� +	�� %� � � !'	# �%!%	� � 	�" !-$�� %	+� � -	�" !	%�!! 	�� ��$� # 	-��!� $� %1		
	


 �   � ( $� # 	$� 2 !%�$# ��$� � 	�� '	�%%!%%-!� �	� +	�" !	� � $# $� 	� +	*!� +� �-�� �!	
%" � � �+�  %	$� 	�" !	$� �!# ���!'	%�� � ��� �!%.	�	%!�� � '	*" �%!	� +	�" !	( � � ) 	( �%	
�� � '� ��!'	� %$� # 	� �!� � ��!	%� � %����!%1	�$%�� %%$� � %	( $�" 	��  � ���!! %	" �'	

�!%�  �!'	$� 	�� 	� �!� � ��!	��� # !	� +	�� ��!'	%�!! 	%� � %����!%	� !$� # 	$'!� �$+$!'	

�" ��	-$# " �	-!!�	�" !	� !����	� �'	� !!'%	�� '	�!%�  2 !	�" !	*!� +� �-�� �!	
%" � � �+�  %1	�" !	!��  $!� 	�� $� %	( !�!	�!*!��!'	� %$� # 	�" !	�( � 	-� %�	*� � -$%$� # 	
��� '$'��!	-��!� $� %1	�� 	�''$�$� � .	+��$ $�$!%	� !��-!	�2 �$ ��  !	��	 B �	+� � 	
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�" !	'!*� %$�$� � 	� +	%��$�  !%%	%�!! 	�%	�" !	� ��) 	�� � ����	�� '	�" $%	( �%	� %� 	

$� �� �*� ���!'	$� �� 	�" !	�� $� %1	
	

�� 	�  	��%!%.	�	-$4 �� �!	� +	�� � ����	%$G !%	�� '	%�� � ��� �!%	( !�!	� %!'	�� 	�$'	

�%%!%%-!� �	� +	�" !	%�-* !%1	�" !%!	��� # !'	+� � -	-$  $-!��!	'$�-!�!� 	

C'� �%D	�� '	��-�	C*�'%D	+� � 	�" !	+� � � �	�� � ����.	�� 	+�   	$� �!# ���!'	%�  �� 	%-�  	
%�� !	%�  �� 	*�� ! %	�� -*� $%$� # 	9	-� � �  $�" $��  , 	$� �!��� � � !��!'		�!  %	� +	
�:19�-	� , 	��-	%$G !	/%!!	+$# � �!	�01	

	
	���$2 $�, 	�01	>� %%� �� 	�� '	�� ��*%�  ��$� � 	��� '$!%	

�" $%	( � � ) 	( �%	%��� �!'	( $�" 	�	%�� ', 	�� '	'!+$� $�$� � 	� +	�" !	�!A � $�!-!� �%	

�" ��	( � �  '	� !!'	�� 	� !	-!�	� , 	�" !	>� %%� �� 	�!�" � $A � !1	��	( �%	'!�!�-$� !'	
�" ��	�" !�!	( !�!	�( � 	-�3� � 	�!A � $�!-!� �%	�� 	� !	-!�E	! !��� $�� 	�� � � !��$2 $�, 	

� !�( !!� 	�" !	-$�� � %�� *$��  , 	�" $� 	 6 	�!  	 �, !�%	�� '	�" !	-��� � %�� *$�	

%$G !'	� � $ '$� # 	( $� $� # 	 � � -%E	�� '	-!�" �� $�� 	$� �!# ���$� � 	/�� '	*� %%$�  , 	

+$4 �� �!0	� +	�" !	%�!! 	* ��!%	�� 	�" !	� � $ '$� # 	� � 	%�� � ��� �!	�� 	( " $�" 	�" !	* ��!%	
��!	�� 	� !	�����" !'1	

	
�" !	 ���!� 	�!A � $�!'	!4 *!� �$%!	� � �%$'!	� +	�" !	*� � 3!��	�� '	( �%	 $) ! , 	�� 	� !	
�** $���$� � 	'!*!� '!� �E	$�	( �%	� � �	�" !�!+� �!	%� $���  !	+� � 	!4 * $�$�	
�� � %$'!���$� � 	( $�" $� 	�" !	*� � 3!��.	� �" � � # " 	�" !	� � %%� �� 	�!�" � $A � !	( �%	
�!A � $�!'	�� 	$� �� �*� ���!	�'!A � ��!	%�� *!	+� � 	�" �� # !	�� 	�  � ( 	+� � 	�" !	 $) ! , 	
-�� � !� 	� +	-!�" �� $�� 	+$4 	K	$1!1	$�	" �'	�� 	� !	�	2 !�%��$ !	�� '	�'�*���  !	
%�  � �$� � 1	
	
�" � %	�" !	*� � 3!��	�!A � $�!-!� �%	+� � 	�" $%	���$2 $�, 	( !�!	+� �� %%!'	*� $-�� $ , 	
� � 	�" !	-!�� %	� +	*� � 2 $'$� # 	�	%� $���  !	! !��� $�� 	$� �!��� � � !��1	�" !	
+�   � ( $� # 	�!A � $�!-!� �%	( !�!	'!+$� !'8	
�1	�" !	 6 	�!  	( �%	!4 *!��!'	�� 	� !	! !��� $��  , 	C�!�-$� ��!'D	$� 	���� -	�" $�) 	
%*� ��!�!'	� � -$� $� -	*�'%	K	$�	( �%	�� 	�" !%!	�" ��	�" !	� � %%� �� 	� !!'!'	�� 	
! !��� $��  , 	�� � � !��1	
	
�1	�" !	�� � � !��$� � 	�� 	�" !%!	*�'%	" �'	�� 	� !	�!�'$ , 	�� '	�" !�* , 	-�'!.	

�! $��  !	�� '	� � � � %�1	��	( �%	*!�-$%%$�  !	�� 	�� � %$'!� 	%�" !-!%	�" ��	�!A � $�!'	

�" $�) !� 	-��!� $� 	 �, !�%	�� 	� !	 �$'	� 2 !� 	�" !%!	*�'%	/!1# 1	%��!!� 	*� $� �!'	
-!�� %0.	� � �	�" !	�� %�	$-* $���$� � %	� +	�" $%	" �'	�� 	� !	� � � � !	$� 	-$� '	K	$1!1	$�	
" �'	�� 	� !	�	� !�!%%�� , 	%�!*1	

	
:1	�" !	�� � � !��	�!�" � $A � !	" �'	�� 	�  � ( 	+� � 	�" !	� 2 !��  	*�� ! 	
!� ��*%�  ��$� � 	�" ��	( � �  '	� !	�!A � $�!'1	�" $%	( �%	 $) ! , 	�� 	� !	�	���� %*��!� �	

* �%�$�	� � 	%$-$ �� 	�" $� 	�� ��$� # 	/	���" !� 	�" �� 	#  �%%0	�� '	$�	( � �  '	� !	
���!*���  !	+� � 	�" $%	�� 	� !	'� � !	*� $� � 	�� 	�" !	� � %%� �� 	�� � � !��.	( $�" 	�" !	
$� � !� 	�!# $� � %	K	� � �	!'# !%	K	� +	�" !	�� � ����	*�'%	 !+�	!4 *� %!'	+� � 	

�� � � !��$� � 	�� '	 ��!� 	�''$�$� � � 	!� ��*%�  ��$� � 1	

	
�1	�" !	$� �!��� � � !��	" �'	�� 	�  �$-��! , 	!� '	$� 	�� 	! !��� $�� 	�� � � !��$� � 	
*� $� �	�" ��	( � �  '	� !	-�� �# !��  !	�� 	�" � %!	$� %��  $� # 	�" !	 6 	( $� $� # 	 � � -%	

K	$1!1	$�	" �'	�� 	�  � ( 	+� � 	��*$'	�� '	�! $��  !	+$��$� # 	�� '	�!* ��!-!� �1	��	( �%	
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91	�" !	�!�" � $A � !	" �'	�� 	�  � ( 	+� � 	�" !	*� %%$�  !	� !!'	�� 	*� � 2 $'!	�� 	

! !��� $�� 	�� � � !��$� � 	�� 	�" !	� � '!�  , $� # 	%�!! 	* ��!	/�%	�	%�+!�, 	!�� �" 	� � 	

��'$� 	
 �!A � !� �, 	�� �!� +!�!� �!	%" $! '01	
	
�1	�" !	�!�" � $A � !	" �'	�� 	�  � ( 	+� � 	+$� � 	!� ��*%�  ��$� � 	�� '	!� 2 $� � � -!� �� 	

%!� $� # 	�� -*��$�  !	( $�" 	�" !	�!A � $�!-!� �	+� � 	 � � # 	 $+!	� +	�" !	*� � '� ��	K	
*� � � ��  , 	'!��'!%1	

	

�1	�" !	� � %%� �� 	K	*�� ! 	�%%!-�  , 	" �'	�� 	� !	" $# "  , 	� � � � %�	� � �!	+$� $%" !'.	
$1!1	%� $���  !	+� � 	� %!	$� 	�" !	� � $ '$� # 	$� '� %�� , 1	

	

J1	�" !	� � %%� �� 	�!�" � $A � !	" �'	�� 	� !	�� 	$� " !�!� � , 	 � ( 	�� %�	*� � �!%%.	

$'!�  , 	� +	 � ( 	�!�" � $�� 	�� -* !4 $�, 1	
	

�!%�	-� '�  !%	( !�!	*�!*��!'	� , 	%*� ��!� 	'!*� %$�$� # 	���� -	�" $�) 	
� � -$� $� -	*�'%	'$�!�� , 	�� 	�" !	�� ��!'	%�!! 	%� � %����!%	$� 	� %!	� � 	�" !	
� �" !� 	� !������ �'	���$2 $�$!%1	�� 	�" !	+$� � 	� !������ �'	*�� ! %	�" !%!	( � �  '	
�� � � !��	�� 	�" !	�" $� 	��F 	 �, !� 	'!*� %$�!'	� � 	�" !	� � 	%�� � ��� �!1	< � ( !2 !� .	
�%	�" !%!	( !�!	* �� � !'	�� 	 !�'	�� 	�" !	!'# !%	� +	�" !	*�� ! %	/$1!1	�" !, 	( $  	
� � �	� !	� � '!�  �$� 	( $�" 	� �" !� 	�" $� 	+$ -	'!*� %$�$� � %0.	-�  �$* !	�" $�) 	
� � -$� $� -	%�� $*%	%*� ��!�!'	'$�!��	�� 	�**� � *� $��!	�� ��!'	%�!! 	%� � %����!%	
*� � 2 $'!'	�	%$-* !	�� '	�!� $%�$�	�!%�	-� '�  !	+� � 	�" !%!	�� $� %1	
	
�" !	%��� '��'	�!�" � $A � !	� %!'	+� � 	�� 	#  �%%	� �%!'	 6 	*�� ! 	( �%	�� 	
�  ���%� � $��  , 	� � � '	�" $� 	� � -$� $� -	%�� $*	�� 	�" !	*�� ! 	!� '	�!  	� � -$� $� -	
�� *	�� � ����%.	�" !� 	 !�'	�" !%!	��*!%	� � �	� +	�" !	 ��!� 	!� ��*%�  ��!'	*� � '� ��	
�� 	!$�" !� 	�	�!�-$� � 	�  � �) .	� � 	�� 	%�  '!� 	%��� '��'	�$� � !'	�� **!� 	( $�!%	�� 	
�" !%!	� %$� # 	�$� �G $� �	%�  '!� 1	�� 	� � �" 	��%!%.	�" !	�!�-$� ��$� � 	( �%	�" !� 	

!� 2 $� � � -!� ��  , 	%!� !'	� %$� # 	!$�" !� 	" � �	-! �	�, *!	#  � !	� � 	�, �� � ��� ,  ��!	
�'" !%$2 !1	�" $%	*� � 2 $'!'	�	%��� �	*� $� �	+� � 	�" !	� !������ �'	( � � ) 1	
	
�� $�$� 	( � � ) 	+� �� %!'	� � 	�" !	�� $ $�, 	�� 	� � � '	� � � 	�� � �!� �	� � -$� $� -	��*!	�� 	

�" !	%� � %����!	-��!� $� 1	�" $%	%$-* !	*� � �!%%	� %!'	�� 	C�  ���%� � $�	( ! 'D	�� 	
� � � '	�" !	�" $� 	� � -$� $� -	��*!	�� 	�" !	�" $� 	� � -$� $� -	!2 �*� ���!'	�!�� 	
�� � ����1	6 !� , 	+!( 	�� $� %	( !�!	��� � $!'	� � �	� � 	�" $%	*� � �!%%	�%	� � 	$� '$���$� � %	

� +	�	%� ��!%%+�  	� � � '	( !�!	��" $!2 !'1	�" $%	( �%	 �� # ! , 	�%	!4 *!��!'	�� '	
%�� '$!%	� +	*�!2 $� � % , 	$'!� �$+$!'	� �!� � ��!	�!�" � $A � !%	( !�!	�" !�!+� �!	

%��� �!'1	
	
�" !	+$�%�	*� � �!%%!%	!4 * � �!'	( !�!	�" !	� %!	� +	�� � �!� �	%�  '!� $� # 	
�!�" � $A � !%	$� 	� %!	��	�" !	�� 	-�� � +���� � $� # 	* �� �	�� 	�!�-$� ��!	 �� # !	��!�	
-� '�  !%	�� '	%-�  !� 	F � $# $� � 	�A � $*-!� �	5�� � +���� �!� 	/F �50	�� �	* ��!	

�!  %1	
 � � � 	�� � �!� �	�, *!%	� +	%�  '!� 	�� '	� � !	C!*� 4 , D	�, *!	�� � '� ��$2 !	
�'" !%$2 !	( !�!	�!%�!'	+� � 	! !��� $�� 	�� '	-!�" �� $�� 	� � � '$� # 	�� 	�" !	
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 � � �" !� 	�!%!���" 	( �%	�" !�!+� �!	-�'!	$� �� 	� �!� � ��!	*� � '� ��%	�" ��	( � �  '	

!� ��  !	� %	�� 	��" $!2 !	�" !	�!A � $�!'	� � � '1	F � !	-!�" � '	( �%	�� 	+� � �" !� 	

!4 * � �!	�" !	� *�$� � 	� +	�� 	�'" !%$2 !	*�%�!.	�%	� � !	� +	�" !	!*� 4 , 	-��!� $� %	
� %!'	$� 	�" !	*�!2 $� � %	( � � ) 	" �'	� !!� 	�" !	-� %�	%� ��!%%+�  	� +	�" !	� *�$� � %	
�� $�  !'1	�" !	*�%�!	( �%	�!A � $�!'	�� 	" �2 !	! !��� $�� 	�� '	*� � *!� �$!%	� � %!	�� 	

�" ��	� +	%�  '!� 	� � �	� � �	'�-�# !	� � 	�!-� 2 !	�" !	� � -$� $� -	� � %%� �� 1	
	

�	%*!�$� $%�	�� -*�� , 	/�-!�%� � 	�� '	�� --$� # 0	( !�!	%� ** $!'	( $�" 	

� !������ �'	%�-* !%	�� '	�" !, 	�� � '� ��!'	�� $� %	� %$� # 	�	%! !��$� � 	� +	�" !$� 	
*� � '� ��%1	�" !, 	( !�!	��  !	�� 	%� � ��!	�( � 	�� � '� ��$2 !	�'" !%$2 !%	( " $�" 	

� � %! , 	-���" !'	� � � 	�!A � $�!-!� �1	

	

>� �" 	( !�!	!�%$ , 	'$%*!� %!'.	�� �  '	� !	" !��	�� �!'	��	�	�! ��$2 ! , 	 � ( 	
�!-*!���� �!	/$-*� � ��� �	�%	" $# " 	�!-*!���� �!%	��� 	'�-�# !	�" !	�!  	

%�� � ��� �!	�� '	�" !	%� � %����!0	�� '	" �'	# � � '	! !��� $�� 	�� '	-!�" �� $�� 	
*� � *!� �$!%1	
	

 � � �" !� 	�� $� %	( !�!	�� � '� ��!'	��	�� 	� %$� # 	�" !	*�!+!� �!'	�� � '� ��$2 !	
!*� 4 , 	$� '$���!'	� , 	�" !	�!%�$� # 1	�" $%	%!�	� +	�� $� %	� %!'	�	-� �!	�'2 �� �!'	
�!%�	%� � %����!	" �2 $� # 	�	'!+$� !'	 �, � � �	� +	�!  	%�� � ��� �!%.	� � !	� � %%� �� 	*�'	
�� � � !��!'	�� 	�" !	�!�� 	�� � ����	�� '	�" !	� �" !� 	�� 	�" !	+� � � �	�� � ����	-��!� $� 1	
�( � 	( $�!%	( !�!	�����" !'	�� 	�" !	� � -$� $� -	*�'%	� %$� # 	�" !	*�!+!� �!'	
!*� 4 , 	�!%$� 	�� '	�� �!'	$� 	�	�� � 2 !� �$� � � 	� 2 !� 	+� � 	�" !	�$-!%	%���!'	$� 	�" !	
�!*� � �1	�" $%	�!%�!'	�  	*� �!� �$� 	+� �� �!	� !������ �'	 �, � � �	%�" !-!%	� � '!� 	
�� � %$'!���$� � 	��	�" ��	�$-!1	
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'$%�� � �$� � 	'� � $� # 	�" !	���$	'!*� %$�$� � 	*� � �!%%1	< $# " !� 	�!-*!���� �!	
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%�-* !%	$� 	%� -!	�� $� %	 ��!	$� 	�" !	*� � 3!��.	$�	%!!-%	 $) ! , 	�" ��	!$�" !� 	� +	�" !	
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�" !	$� �!� %$�, 	� +	 $# " �	*�%%$� # 	�" � � � # " 	/$1!1	( � �  '	� � �	!++!��	�" !	
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'!-� � %����� � 	*� � '� ��1	
	

�" !	-�$� 	*� � �  !-	$%	!2 $'!� �!'	� , 	 � %%	� +	%�  �� 	�� � 2 !�%$� � 	!++$�$!� �, 	�%	
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 �-$� ��$� � 	� +	" $# " 	�!-*!���� �!	* �%�$�	+$ -%	� � �� 	�" !	%�!! 	%� � +��!	*� $� � 	
�� 	 6 	 �, !� 	'!*� %$�$� � 	�� '	*� � �!%%$� # 1	
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( $  	� !!'	�� 	*� � �!!'	( $�" 	�� 	$� $�$� 	� *�$-$%��$� � 	%�� ', 	( $�" 	�	��� # !�	� +	
��" $!2 $� # 	��	 !�%�	:H 	%�  �� 	 6 	!++$�$!� �, .	*�!+!���  , 	9H 1	�� 	�''$�$� � 	�� 	
�" !	� %� � 	���$	 �, !� 	� *�$-$%��$� � 	*� � �!%%.	�" $%	%" � �  '	$� � � '!	� ��) 	
�� � ����	*�!�'!*� %$�$� � 	��!��-!� �	�� '	+� � � �	�� � ����	��F 	'!*� %$�$� � 	
� *�$-$%��$� � .	� %$� # 	�	�� �  !'	%� � %����!	" �  '!� 	+� � 	�" !	 ���!� 	( � � ) 1	
	
�" $%	( � � ) 	( $  	*� � 2 $'!	�" !	� �%$%	+� � 	�" !	�� --!��$� $%��$� � 	�� %�	�� '	� $%) 	
%�� '$!%	�" ��	( $  	� !	�!A � $�!'	� !+� �!	�� --$��$� # 	�� 	+� � �" !� 	*� � �� �, *!	
'!2 ! � *-!� �1	
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$� �!� '!'	+� � 	�� 	!4 *�� %$� � 	� +	%��� '��'	#  �%%	* ��!	*� � '� ��$� � 1	��	$%	
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 $ -��" !-��$�	� +	5� � �  $�" $�	�� �!# ���$� � 	+� � 	�	�" $� 	
 $ -��" !-��$�	� +	5� � �  $�" $�	�� �!# ���$� � 	+� � 	�	�" $� 	
 $ -��" !-��$�	� +	5� � �  $�" $�	�� �!# ���$� � 	+� � 	�	�" $� 	
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 $# � �!	�	
 $# � �!	�	
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�4 �-* !	� !�����4 �-* !	� !�����4 �-* !	� !�����4 �-* !	� !��������� �'	�" $� 	
 $ -	��  �� 	�!  	 �� ! � �'	�" $� 	
 $ -	��  �� 	�!  	 �� ! � �'	�" $� 	
 $ -	��  �� 	�!  	 �� ! � �'	�" $� 	
 $ -	��  �� 	�!  	 �� ! 				
	

/!'# !	-�� ) $� # %	�!%�  �	+� � -	" �  '!� 	� $*%	� %!'	$� 	-!�� 	�� ��$� # 	%��# !0	
	

Cell width 

Panel width 

Laser scribed rear contact pads 

Laser scribed front contact pads 

Laser scribed interconnect ‘vias’ in a-Si layer 

Substrate 
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I-V & P-V data, plate 4T183-45, 100% sun equivalent illumination
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	 6 	*!� +� �-�� �!	� +	%��� '��'	�� 	C�D	*�� ! 	( $�" 	� !�� 	� *	�, � !%	� -$��!'		 6 	*!� +� �-�� �!	� +	%��� '��'	�� 	C�D	*�� ! 	( $�" 	� !�� 	� *	�, � !%	� -$��!'		 6 	*!� +� �-�� �!	� +	%��� '��'	�� 	C�D	*�� ! 	( $�" 	� !�� 	� *	�, � !%	� -$��!'		 6 	*!� +� �-�� �!	� +	%��� '��'	�� 	C�D	*�� ! 	( $�" 	� !�� 	� *	�, � !%	� -$��!'	
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I-V & P-V data, plate 4T273-3, 100% sun equivalent illumination
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 $# � �!	9
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 $# � �!	�
 $# � �!	�
 $# � �!	�				

5$�� � # ��*" 	� +	�5$�� � # ��*" 	� +	�5$�� � # ��*" 	� +	�5$�� � # ��*" 	� +	�� 	�4 �-* !� 	�4 �-* !� 	�4 �-* !� 	�4 �-* !	��%!� 	 ���!� � !'	>��) 	�� � ����	��� $� !	��%!� 	 ���!� � !'	>��) 	�� � ����	��� $� !	��%!� 	 ���!� � !'	>��) 	�� � ����	��� $� !	��%!� 	 ���!� � !'	>��) 	�� � ����	��� $� !				
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 $# � �!	J
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 $# � �!	J				

5$�� � # ��*" 	� +	�4 �-* !	��%!� 	 ���!� � !'	�5$�� � # ��*" 	� +	�4 �-* !	��%!� 	 ���!� � !'	�5$�� � # ��*" 	� +	�4 �-* !	��%!� 	 ���!� � !'	�5$�� � # ��*" 	� +	�4 �-* !	��%!� 	 ���!� � !'	������$	��, !� 	C6 $�%D�$	��, !� 	C6 $�%D�$	��, !� 	C6 $�%D�$	��, !� 	C6 $�%D				

Metal thin film only on 

coated steel 

NIP coating transition 

region: full thickness NIP 

on metal above region, 

metal only below region 

NIP thin film removed, exposing metal thin film 

NIP film on top of metal 

thin film on coated steel 

substrate 

Metal thin film removed, exposing substrate 
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 $# � �!	�
 $# � �!	�
 $# � �!	�				

5$�� � # ��*" 	� +	�4 �-* !	��%!� 	 ���!� � !'	��F 	��, !� 	��� $� !%5$�� � # ��*" 	� +	�4 �-* !	��%!� 	 ���!� � !'	��F 	��, !� 	��� $� !%5$�� � # ��*" 	� +	�4 �-* !	��%!� 	 ���!� � !'	��F 	��, !� 	��� $� !%5$�� � # ��*" 	� +	�4 �-* !	��%!� 	 ���!� � !'	��F 	��, !� 	��� $� !%				
				

��-* !	�, *!	�8	��F 	� � 	���-* !	�, *!	�8	��F 	� � 	���-* !	�, *!	�8	��F 	� � 	���-* !	�, *!	�8	��F 	� � 	������$	� � 	��F 	� � 	?  �%%1�$	� � 	��F 	� � 	?  �%%1�$	� � 	��F 	� � 	?  �%%1�$	� � 	��F 	� � 	?  �%%1	
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removal 
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damage to 
a-Si in 
overlap 
region 
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removal 
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damage to 
a-Si in 
overlap 
region 
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 $# � �!	��
 $# � �!	��
 $# � �!	��				

				
��5	�-�# !	� +	� � �� ��!'	>� $ '$� # 	� �''$� # 	C �  $%" !'D	���$�  !%%	��!! 	��5	�-�# !	� +	� � �� ��!'	>� $ '$� # 	� �''$� # 	C �  $%" !'D	���$�  !%%	��!! 	��5	�-�# !	� +	� � �� ��!'	>� $ '$� # 	� �''$� # 	C �  $%" !'D	���$�  !%%	��!! 	��5	�-�# !	� +	� � �� ��!'	>� $ '$� # 	� �''$� # 	C �  $%" !'D	���$�  !%%	��!! 	

�� � +��!�� � +��!�� � +��!�� � +��!				

				

/� � �!	�" ��	$� �!� 	# ��$� 	� � � � '�� $!%	��!	%� � %��� �$�  , 	'!!*!� 	�" �� 	�" !	�" $� 	
 6 	�!  	+$ -	 �, !�%	$� 	-�� , 	 � ���$� � %0	
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 $# � �!	��
 $# � �!	��
 $# � �!	��				

				
�4 �-* !	� +	=$�!	>� � '$� # 	�� 	� !�����4 �-* !	� +	=$�!	>� � '$� # 	�� 	� !�����4 �-* !	� +	=$�!	>� � '$� # 	�� 	� !�����4 �-* !	� +	=$�!	>� � '$� # 	�� 	� !��������� �'	�!%�	 $!�!	� %$� # 	� !��� $��  , 	� �'	�!%�	 $!�!	� %$� # 	� !��� $��  , 	� �'	�!%�	 $!�!	� %$� # 	� !��� $��  , 	� �'	�!%�	 $!�!	� %$� # 	� !��� $��  , 	

�� � '� ��$2 !	�'" !%$2 !�� � '� ��$2 !	�'" !%$2 !�� � '� ��$2 !	�'" !%$2 !�� � '� ��$2 !	�'" !%$2 !				
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 $# � �!	��
 $# � �!	��
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