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%�&����� !%&# ")������

�������� !���� " # �� !� $ %"&�� ' �( �)�

� # "�* � �+ �)"& �%� ")�%���# %&��",� ���* �&� ���%")�
� �����)"�� � ���� ���&�,����� -��# "�	 "* ���)�
� "�"* �� !"�� �"�$ . ���� $ ��//"0�/���$ ")�� . �

����"�� �"�$ . ��� !��%� �&�1
� �2�� ��� "# �!-�� -��# "�
� ",���/"���� -�� ��)"���)���)�&��. 3�� # "�4%"* &�
��)�5�)$ "/"��&�"6 ,�"&&")�%���# %&��",� �����"�
�# � &"�� -��# "� � ���� �� ����)�)� ��� ���" "&&��%!. �
�"-!" ���# � &"�� -�
� ��� ���# "�� ",���/"���� -�
� ��)"���)���)�&��. 3�
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�� 7 7 �� ��� 7 7 �� ��� 7 7 �� ��� 7 7 �� � ����
�
��� 5" ����,� %�. �� "�
�"4"��&� �$ # ���� �� �%�$ ��� $ "�# "��!"�)%�$ �� ' �
%�)�&��%�!�"6 ,"��%&"�%���# "��"B �%�")�)%& %,!%�"&��� �C )"-%�"��# "�,���/"�"�&�
-� ���# "�)"&%$ ��� -����"* �&� !��� "!!�,��  "&&�,!����* %�# ��� �,� %�. ��� � ���
:�7 ? ,�,"������/���)�"&��� !%&# ��# "�� ,�%/�/�&�� &����"�&%D "0� "!!�
 � �-%$ ����%� ����)�5�� �%� ��&��� ���"���)�%� !�)"��# "��" "&&��. ��"&"�� # �
�� � � �-%�/��# ����# "&"�+ ". � # ��� �"�%&�% &���"�&�%�")��� �# %$ # �4� !�/"�!� * �
 � &��,�� )� �%� �3�C �
�
� # "��� /%��!�<�. "���,�� $ ��//"�* �&�,�� $ �"&&")�-�� /�8 �����. �������� �
��$ �&�����;0��# � �$ # �* %�# ���:�. "���&�&,"�&%� ��)�"��� ��# "�!%B �%)��%� ��%��
� " "/� "�������� -��# "�( "�)��� ���� �� �0����"�&� !�����@�%�%&# ��# � �� 4� !��% &�
( %/%�")�1@�( 23�� "&,%�"��# "��")� �%� ��%��� ���!�,�� 5" ��* � �+ ��%/"& �!"��� �
<��/� ��# &0��# "�,�� 5" ��&�  "&&-�!!. �� # %"4")��!!�%�&�$ � �!&0�� "%�$ �
 � /,!"�")���)"���# "�)%�" �%� ��� -������� !���� ' �( %/%�")3�
�
� # "�+ ". ��%/�� -��# "�,�� 5" ��* �&��� �)"�"�/%�"����� ,�%/�/�EF �? G�&� !��%� ��
-� ���# "�,!����)"&%$ �0��&%�$ �* "!!�)"4"!� ,")���)���)"�&�� � )� "!!�/��"�%�!&�
��)�&��� ���"&3�� # %&�)%--"�"��%��")��# "�* � �+ �-�� /�/� # �� �# "��"6 �"���!�
)"4"!� ,/"���!�� �%4%�. �* # % # �&� �$ # ���� �%� �"�&"� "!!���)�,��"!�"--% %"� . �
�# �� �$ # ��# "��&"�� -��"* ��# %��-%!/�/��"�%�!&���)�,��  "&&"&0�� -�"������# "�
"6 ,"�&"�� -�,�� )� �%� �� � &�&3��  � �)%�$ !. 0���-���# "�����$ "��&"��-� ���# "�
,�� 5" ��* �&��# ����# "���,� %�. �� "�
�"4"��,!����)"&%$ ��&# � �!)0�%��-�!!�
,�� )� �%� �0�� "��� !"��� �,�� )� "�&� !���,��"!������,�� )� �%� �� � &�����$ "��� -�
!"&&��# ���F :�,"��,"�+ �* ���3�
�
� # "�,�� 5" ��� � 5" �%4"&�* "�"��))�"&&")��# �� �$ # �&%6 �%��"��"!��")��" # �% �!�
* � �+ �� �%4%�%"&�"� # �* %�# �%�&�� * ��&�� 
� � 5" �%4"���)�* � �+ �,!��&3�� # "&"�
* "�"9�
�3�
��)�/"���!�&��)%"&�
@3�
�� ����� ��� ��� ",� &%�%� ��
�3��"/% � �)� �� ��� ",� &%�%� ��
� 3�� "����� ��� ��� ",� &%�%� ��
� 3��"!!��&� !��%� ��

3���%�%�!�� "&%$ �����). 3�
�
� # "�,�� 5" ���" # �% �!�* � �+ � � /,�%&")���/%6 ���"�� -�&��)%"&���)��"4%"* &0�
,�%/��%!. �� . �������)��!�&/��H�"&��( %/%�")�1�H( 2�� �&")�� ��� ,"��
!%�"�����"��"4%"* ���)�)%& �&&%� �&�* %�# ��"!"4����%�)�&��. � � ��� �&I�



 

,�� �% �!�* � �+ 0�,�%/��%!. �� 6 %�" # 0��H( ���)�? "&��� " # �� !� $ . ��. &�"/&�
( %/%�")�1? � �( 2�-� ���# "�)"4"!� ,/"���� -��# "�!��$ "���"��!�&"��,���"��%�$ �
��)�&"/% � �)� �� ��)",� &%�%� ��,�� �� �. ,"�,!���&��� �,�� 4%)"�"&&"��%�!�
E,�� � -�� -� � � ",�G���)���� ���%&+ ��")� �%� ��)����-� ���# "�,�� 5" �I���)��# "�
)"-%�%�%� ��� -�&�,,� ��%�$ ��"�-� �/�� "0��� &����)�� %&+ ��&&"&&/"����� � !&�
�&")��� ����+ ��# "�4��%� �&�,��  "&&���)�&. &�"/�� ,�%� �&�* %�# %���# "�� 4"��!!�
,!����)"&%$ �3�
�
�!�# � �$ # � � �&���%�")�� . �/� �"�!%/%�")�"B �%,/"��0��%/"���)�-� %!%�%"&�
�4�%!�� %!%�. ��# ���� �%$ %��!!. ����% %,��")0��# "���� 5" ��* � �+ �* �&� � � !�)")�
&�  "&&-�!!. ��� �/""���# "���� 5" ��$ � �!�� -�)"-%�%�$ ��# "���,� %�. �� "�
�"4"��
,�� )� �%� ��,!����� ��!%�"�)"&%$ �3�� # "�* � �+ �&# � * ")��# ����# "�,�� 5" ��
,�" ",��* �&� � ��" �0�%3"3� � � "�����%�$ �� ��� ,�%/%&%�$ � "!!�&��� ���"���)�
,!����)"&%$ ���� �� # %"4"�� "&��� 4"��!!�,�� )� �%� ��"--% %"� . 0��&�� ,,� &")��� �
� "&��,# � �� 4� !��% �1�� 2� � �4"�&%� ��"--% %"� . 0� � �!)�,�� 4%)"��# "�� �&%&�-� ��
��# %$ # !. � � &�� � /,"�%�%4"�&� !����� �,�� )� �3�
�
� # "�,�� 5" ��# �&�)"!%4"�")��!!��# "��"B �%�")��"&�!�&��� �/""���# "�� 4"��!!�
,�� 5" ��� � 5" �%4"�� -�)"-%�%�$ ��# "�,���/"�"�&�-� ���# "�)"&%$ ��� -���&� !��� "!!�
,��  "&&�,!����* %�# ��� �,� %�. ��� � ���:�7 ? ,�,"������/3��� &��&��)%"&�
&# � * ��# ���-� ���# "�,�"-"��")� "!!�� ,�%� ����)�����/� "��� -�"B �%,/"���
� ,�%� �&0��# "�,�� )� �%� �� � &�����$ "��� -�:�F �? ,� ���� "�� # %"4")�-� ���# "�
&���)��)�!��$ "���"��1�� /%��!�:<� /�� . ��� /2�$ !�&&�� �&")�&� !���,��"!&3�
� # %&�%&�!"&&��# ���# �!-��# "� � &��� -�,�� )� �%� ��� -��# "� ���"�������,!���3�
�
�&�"6 ," �")0��# "�,��"!�"--% %"� . �,�� )� ")�� . ��# "�,!����* %!!��� ��� "�
 � /,���� !"��� ��# ���,�� )� ")�� . ��# "�� "&���%4�!��" # �� !� $ %"&0�� ����# "� � &��
�)4����$ "�/� �"��# ���� --&"�&��# %&���)�%&�"6 ," �")��� ��"&�!��%���# "�
��,� %�. �� "�
�"4"��,�� )� �&�,�� 4%�$ �# %$ # !. � � /,"�%�%4"�-� ��!��$ "���"�0�
!� * � � &���,,!% ��%� �&3�
�
� # "�,!����)"&%$ ���&"&�"%�# "��* "!!�"&��� !%&# ")��" # �� !� $ %"&���)�
,��  "&&"&�� �0�%���# "� �&"�� -��# "�&"/% � �)� �� ��)",� &%�%� ����)�!�&"��
,���"��%�$ �&. &�"/&0��&"&��"* �)"&%$ �&��# ���# �4"�� ""��)"4"!� ,")���)�
&��%&-� �� �%!. �,�� 4"��%���# %&�,�� 5" �3�� # "�,!�����# "�"-� �"��",�"&"��&���!� * �
�%&+ � � //"� %�!�,�� ,� &%�%� �3�
�
����/� "��� -�/%�� ���" # �% �!� # � % "&���)�)"
�%&+ %�$ �&��)%"&���"�
�" � //"�)")��� �� "��))�"&&")�* # %!&��/� �"�)"��%!")�)"&%$ ��%&�
,�� $ �"&&")0�� ���%���!!� �&"&��# "� � //"� %�!��%&+ �%&�&/�!!��&�,�� 4"��
�!�"����"�� ,�%� �&�"6 %&��-� ���# "��" # �% �!��%&+ &��� �� "��))�"&&")�* %�# %���# "�
� 4"��!!�,�� 5" �� � &�����$ "�&3�
�
� # "�,�� 5" ��# �&��# "�"-� �"�� # %"4")�%�&�� 4"��!!�$ � �!�� -�,� &%�%� �%�$ �����
�� !���� ' ��� �,��  "")�* %�# �)"��%!")�)"&%$ ��� -�����,� %�. �� "�
�"4"��
,�� )� �%� ��-� %!%�. ��# ���* %!!�/""��* %�# �-����"�"6 ,��&%� ��,!��&3�
�
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:3��	 � � J� � �� �J	:3��	 � � J� � �� �J	:3��	 � � J� � �� �J	:3��	 � � J� � �� �J	 ����
�
@. ����:��# "����"�&� !���A �� �,G&��/� �,# � �&�&%!% � ��&� !���,# � �� 4� !��% �1�� 2�
,��"!�/���-� ���%�$ �,!�������@�%)$ "�)�# �)0�* %�# �� � ���&&%&��� "0�� ""��
%/,�� 4")��� ��� �,� %�. �� -�<7 ? ,�,"������/�-�� /�%�&�%�%�%�!�:7 ? ,�,"��
����/�)"&%$ ��&," %-% ��%� �3�> � * "4"�0�* %�# ��# "�&� !����� �/��+ "��$ �� * %�$ �
�����K �,"������/0����"�&� !���"6 ," �")��� �"6  "")��# "�,!���&� �,� %�. �
* %�# %����<
;�. "����%/"& �!"0�,� &&%� !. ��&�"��!. ��&��# "�"�)�� -�����3��&�&� # �
�# "�"�* �&��� !"����"")��� �# �4"�,!��&�%��,!� "��� �%� �"�&"� �,� %�. �� . ��# ���
)��"3�
�
�� �&%)"���%� ��� -� � //"� %�!�� ,�%� �&�-� ��� # %"4%�$ ��# %&�!")����"�&� !����� �
�# "� � � !�&%� ���# �����-���# "��)"4"!� ,/"���� -��# "�"6 %&�%�$ ���)�"&��� !%&# ")�
�/� �,# � �&�&%!% � ���" # �� !� $ . �# �)��# "�,� �"��%�!��� �� # %"4"��# "��"B �%�")�
�# �� �$ # ,�����)��&&�  %��")� � &���")� �%� �����$ "�&0�%-� "���%��+ ". �
"B �%,/"�����)�,��  "&&�)"4"!� ,/"��&� � �!)�� "�� # %"4")3�
�
�  � �)%�$ !. 0��# "���,� %�. �� "�
�"4"��,�� 5" ��* �&�-� �/�!��")��� ��))�"&&�
�# "&"�)"4"!� ,/"��&3�� # "�* � �+ �� �%!��� ���# "�&�  "&&"&���)�
�" � //"�)��%� �&�� -��# "�,�%� ��7 "��/� �,# � �&%&�,�� 5" �3�����))%�%� �0��# "�
"6 %&�%�$ �� !" ���
�!��"���)�� !" ���
�!�)�,�� 5" �&�* "�"��!&� �"6 ," �")��� �
-"")�)%�" �!. �%��� ��# %&�,�� $ ��/3�
�
��%�%�!�"&�%/��"&�&�$ $ "&�")��# �����&� !��� � �4"�&%� ��"--% %"� . �$ �%��� -�
��� ��)���K �/%$ # ��� "��"�!%&")�-�� /��# "� � /� %�")�,�� 5" �&0�* # % # �* � �!)�
����&!��"�%��� ���&��� %!%&")� "!!�"--% %"� . �� -��
�K 3�? # "���))")��� ��# "� � &��
�")� �%� �&��# �����)"�,%��")��# "���,� %�. �� "�
�"4"��)"4"!� ,/"���
� � 5" �%4"&0��# %&�* � �!)��"&�!��%����# %$ # !. � � /,"�%�%4"�&� !����� �,�� )� �3�
��%�%�!�,�� 5" �%� �&�&�$ $ "&�")��# ����# "���,� %�. �� "�
�"4"��,!����&# � �!)�� "�
�� !"��� �,�� )� "�!��$ "���"�0�/� �� !%�# % �!!. �%��"$ ���")�&� !����� �,��"!&������
 � &��� "!� * �F :�,"��* ����,"�+ 3�� # %&�* � �!)�"��� !"��# "� "!!&��� �� "��&")�%����
* %)"����$ "�� -�"!" ��% �!��,,!% ��%� �&0�,���% �!��!. ��# "�# %$ # �$ �� * �# ��� � -�� ,�
/��+ "�3�
�
��,!����� ,"���%�$ �%���# %&�* �. �* �&�"6 ," �")��� ��"/�%��4%�� !"��� ����!"�&��
��:�0�� . �* # % # ��%/"�� �"�� ��/� �"�� -��# "�"/"�$ %�$ ��"* �E<�)�A "�"���%� �G�
&� !����� ��" # �� !� $ %"&�&# � �!)�# �4"��"� # ")���&�--% %"���/����%�. ��� ��!!� * �
%�G&��"�). ��",!� "/"���� ���,$ ��)"3�����))%�%� �0�%��* �&����% %,��")��# ����# "�
%�%�%�!�,�� )� �&�-�� /��# "�,!����* � �!)��"B �%�"� # ��$ %�$ ��# �� �$ # � ����# "�
!%-"�� -��# "�,!������)0��&�&� # 0��# "�,�� 5" ��* �&��"B �%�")��� �-�  �&�� ���# "�
/� &�� � &��"--" �%4"���)�,� �"��%�!!. �4"�&��%!"�&� !��%� �&�L�%3"3���/� )�!���
�,,�� � # ��� ��# "�,��  "&&�* �&�,�"-"��")��� ��!!� * ��",!� "/"���� ���,$ ��)"�
� -�%�)%4%)��!�&� !���,��"!�,��  "&&�"!"/"��&3�
�
� # "�-� !!� * %�$ ��",� ���)"& �%� "&��# "�+ ". �* � �+ ���)��"&�!�&�-�� /��# %&�
��,� %�. �� "�
�"4"��,�� 5" �3�
�
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�3�@��' A � J� 	 ��3�@��' A � J� 	 ��3�@��' A � J� 	 ��3�@��' A � J� 	 � ����
�
@� + $ �� ��)�
���� 5" ��
�
� "&,%�"����%�# "�"��!. �!� * "��&� !��� � �4"�&%� ��"--% %"� . ��# ���/� &��� �# "��
&� !��� "!!��. ,"&0��/� �,# � �&�&%!% � ��1�
�%2�� �&")��# %��-%!/�&� !����� �,��"!&�
�"/�%����/�5� �� � ��"�)"��%���# "�&� !���"�"�$ . �/��+ "��)�"��� ��# "%��4"�. �
!� * � � &�0�!"�)%�$ ��� ���!� * �EF �? G� � &��1�# "� � &��� -��# "�,��"!�,"��,"�+ �? ����
1? ,2�%3"3�,� * "��� ��,���%��-�!!�&��23�� # "� � &��� -��# %��-%!/�&� !��� "!!&�%&��!&� �
# %$ # !. �4� !�/"�)","�)"���� " ��&"�� -��# %&��"!��%4"!. �!� * "��)%�" �� � &�I�
# %$ # "��!"4"!&�� -��# �� �$ # ,���&,�"�)��# "�-%6 ")� � &�&�� 4"��/� �"�,��"!&0�
�")� %�$ ��# "� � &��� -�"� # 3�����# "�/%)�:���&0����"�&� !���( %/%�")�)"4"!� ,")�
���"* �# %$ # ����"�)",� &%�%� ��,��  "&&�* %�# �&�,,� ���-�� /��# "���� � �
,�� $ ��//"3�����# "��%/"�� -��# "���,� %�. �� "�
�"4"��,�� 5" �&�%�%�%�!�
,�� ,� &�!0��# %&�# �)�� ""��%/,!"/"��")���)�,�� 4")�� 4"��&"4"��!�. "��&0�
%� �"�&%�$ ��# "� �,� %�. �� -��# "�@�%)$ "�)�,!����-�� /�%�&�%�%�%�!�)"&%$ �:7 ? ,�
,3�3��� �<7 ? ,�,�3�
�
� � � ���$ ")�� . ��# %&�&�  "&&���)��# "��"&�!�&� � /%�$ �-�� /��# "�&�� &"B �"���
� � ��&�,,� ��")�7 "��/� �,# � �&%&�,�� 5" ��1* # % # �* �&��"��%�$ � � /,!"�%� �20�
���"�&� !���,�� ,� &")����"* �,�� 5" ���� ��))�"&&���,�� $ ��//"�� -��"&"�� # �
�� ��"&� !4"��# "��" # �% �!�%&&�"&�%�# "�"���%��,!���%�$ �-� ���# "��"6 ��
,�� )� �%� ��,!��������� �,� %�. �!"4"!�� -��# "�� �)"��� -�:�7 ? ,�,"������/3�
�
� # "��"* �,�� 5" ��L��%�!")���,� %�. �� "�
�"4"��L�&� �$ # ���� �� �%�$ ��� $ "�# "��
!"�)%�$ �� ' �%�)�&��%�!�"6 ,"��%&"�%���# "��"B �%�")�)%& %,!%�"&��� ��))�"&&��# "�
-� !!� * %�$ �� � 5" �%4"9�
�
C �� �)"-%�"��# "�,���/"�"�&�-� ���# "�)"&%$ ��� -����"* �&� !��� "!!�,��  "&&�,!����
* %�# ��� �,� %�. ��� � ���:�7 ? ,�,"������/���)��"&��� !%&# ��# "�� ,�%/�/�
&�� &����"�&%D "0� "!!� � �-%$ ����%� ����)�5�� �%� ��&��� ���"���)�%� !�)"��# "�
�" "&&��. ��"&"�� # ��� � � �-%�/��# ����# "&"�+ ". � # ��� �"�%&�% &���"�&�%�")��� �
# %$ # �4� !�/"�!� * � � &��,�� )� �%� �3�C �
�
� # "�,�� 5" ��# �)�&�� &����%�!�� 4"�!�,�* %�# �� �# "��� � ���&&%&�")�,�� 5" �&�����
� . ����"�&� !��0�* %�# �/����!�� "�"-%�&��� ��!!3�� # "�� !" ���
�!�)���)�� !" ���

�!��"�,�� 5" �&�* "�"��))�"&&%�$ �!�. "��)",� &%�%� �0�!�&"��,���"��%�$ ���)� "!!�
 � �-%$ ����%� ��%&&�"&��"!"4������ ��# "�,�� 5" �3�����"����0��# "�!��$ "�& �!"0�
# %$ # ��# �� �$ # ,����"B �%�"/"��&�-� ���# "���,� %�. �� "�
�"4"��,�� 5" ��* "�"�
�"!"4������ �-����"�,�� )� �%� ��& �!"��,�&��)%"&���)� � &�%�$ �-� ���# "&"�
,�� 5" �&3�����))%�%� �0��# "�"��!%"��7 "��/� �,# � �&%&�,�� 5" ��# �)�,�� 4%)")�
�# "��" "&&��. �-� ��)��%� �&�-� �� "!!�)"4"!� ,/"�����)�/��"�%�!�� ,�%� �&��# ���
* � �!)�� "��"B �%�")�� . ��# "�* � �+ 0��&�* "!!��&�# �4%�$ �"&��� !%&# ")���� �%�!&�
� ",� &%�%� ��� �%��1� � � 2�-� ���
�%�)",� &%�%� ���# ��� � �!)�� "��&")�%��%�%�%�!� "!!�
� ,�%� �&�&��)%"&3�
�
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� # %&�,�� 5" ��* �&�&����")�%��8 �����. ������� . ����"�&� !���A �� �,���)�%�&�
 � !!�� � ���� �&�L��!�&/��H�"&��( %/%�")�1�H( 20�� 6 %�" # �( %/%�")���)�? "&��
� " # �� !� $ . ��. &�"/&�( %/%�")�1? � �( 23�
�
�H( �� � �$ # ��&," %�!%&��"6 ,"��%&"�%��,!�&/��)",� &%�%� ���" # �� !� $ . 0�
&," %-% �!!. ��"!��%�$ ��� �E�# %��-%!/G�&%!% � ��)",� &%�%� ���&%�$ �,!�&/��
"�# �� ")� # "/% �!�4�,� ���)",� &%�%� ��1�� �� � 2���)��"��� � ��� ��
)",� &%�%� ���&%�$ �&,���"�%�$ ��" # �� !� $ . 0��� ��# "�,�� 5" �3�� 6 %�" # 0��# "�� ' G&�
!"�)%�$ �!�&"���" # �� !� $ . � � /,��. 0�# �)�,�� )� ")�!�&"��&. &�"/&�-� ���# "�
�# %��-%!/�&� !�����)�� # %��
%!/�� %&,!�. �%�)�&��%"&���)�* "�"�%)"�!!. �,!� ")�
�� �)"4"!� ,��# "�E�"6 ��$ "�"���%� �G�!�&"��,���"��%�$ �&. &�"/��"B �%�")�� . ��# "�
,�� ,� &")�,!���3�? � �( �� � �$ # ��"6 ,"��%&"�%���# "�"�$ %�""�%�$ �� -�4� ��/�
)",� &%�%� ��"B �%,/"�����)�# �)�� ""��%�4� !4")�%���# "��,$ ��)"�� -��# "�,!����
���@�%)$ "�)���)�%��,�� )� %�$ ��# "�� � � ���)"���# "�7 "��/� �,# � �&%&�
,�� 5" �3�
�

� !!� * %�$ ��# "�!%B �%)��%� ��� -��# "����"�&� !���A �� �,�%��� " "/� "������0��# "�
,�� 5" ��* �&�,���� ��# � !)0�,"�)%�$ ��"�,,��%&�!���)��",!���%�$ �� -��# "�
,�� 5" ��� . ��# "��"* �� * �"�&�� -��# "����"�&� !���@�%)$ "�)�,�� )� �%� ��,!���0�
���3��-�"���"��!. ���� �"�. "���)"!�. 0��# "�,�� 5" ��* �&��,,�� 4")��� � � ��%��"�
%��J �� � "�����<���)"���# "�)%�" �%� ��� -������� !���� ' �( �)0���)��&%�$ ��# "�
&�/"�$ �� �,�� -� � !!�� � ���� �&0�* %�# ����"4%&")� � /,!"�%� ��)��"�� -�8 �!. �
���;3�� # %&��!!� * ")�&!%$ # �!. �!"&&��# ����# "�� �%$ %��!!. �,!���")�<�. "��&�-� ��
�# "�* � �+ 0�� ����" � $ �%D ")��# ��0�%��/��. ���"�&0��# "� � !!�� � ���� �&�# �)�
 � ��%��")��� ��))�"&&�&� /"�� -��# "��" # �% �!�%&&�"&��"!"4������ ��# "�,�� 5" ��
��)"��� �# "��%�
# � �&"�,�� 5" �&3�� # %&�* �&�,���% �!��!. ��# "� �&"�-� ���# "�
( �&"��* � �+ 0��"&�!�%�$ �%����-���/� �"�)"4"!� ,")���)�,�� 4"��)"&%$ ��� . ��# "�
,�� 5" ��"�)��# ���# �)�� ""��� �%$ %��!!. ����% %,��")3�
�
1���&# � �!)�� "��� �")�%���# "�-� !!� * %�$ ��# ���* # "�"�����%&��"-"�"� ")0��# %&�
&# � �!)�� "��"�)��&�������)���� �����"�&� !���L���/�5� �%�. �� -��# "�&��--���)�
-� %!%�%"&�����&-"��")�-�� /����"�&� !����� ������� !���� ' 0�/�%���%�%�$ �,�� 5" ��
 � ��%��%�. 32�
�
@� + $ �� ��)�
�� " # �% �!�
�
�&�&���")��� � 4"0��# "�� 4"��!!�,�� 5" ��� � 5" �%4"�* �&��� �)"-%�"��# "�
,���/"�"�&�-� ���# "�)"&%$ ��� -����"* �&� !��� "!!�,��  "&&�,!����* %�# ���
 �,� %�. ��� � ���:�7 ? ,�,"������/0��# � �$ # �* %�# %���# "�� �� �)� � �&���%���
�# ����# "��" # �� !� $ %"&��&")�&# � �!)�� "���,�� $ �"&&%� ��� -��# "� ���"�������
,!����� �0�* # "�"��# %&�* �&����"�!%&�% 0�� "�� �&")�� ��* %)"!. �"&��� !%&# ")���)�
,�� 4"���!�"����%4"&3�
�
��%�% �!!. 0�%��* �&��$ �"")��# ����# "�+ ". ��%/�� -��# "�,�� 5" ��* �&��� �)"�"�/%�"�
���� ,�%/�/�EF �? G�&� !��%� ��-� ���# "�,!����)"&%$ �0��&%�$ �* "!!�)"4"!� ,")�
��)���)"�&�� � )� "!!�/��"�%�!&���)�&��� ���"&3�� # %&�)%--"�"��%��")��# "�
* � �+ �-�� /�/� # �� �# "��"6 �"���!�)"4"!� ,/"���!�� �%4%�. �* # % # �&� �$ # ���� �
%� �"�&"� "!!���)�,��"!�"--% %"� . ��# �� �$ # ��# "��&"�� -��"* ��# %��-%!/�
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/��"�%�!&���)�,��  "&&"&0�� -�"������# "�"6 ,"�&"�� -�,�� )� �%� �� � &�&3����* �&�
���G&�� "!%"-0�� �&")�� ��,�%� ��&�  "&&"&��# ����# "�� �&% ��
�%�� �&")�
,�� )� �%� ���" # �� !� $ . �# �)�. "���� �� # %"4"�%�&�!%/%��%��,�� )� �%� ��
"--% %"� . ��"�/&0�"4"��%-��# "�%�)% ��%� �&�* "�"��# ����# "�&� !��� � �4"�&%� ��
"--% %"� . �!%/%��# �)�� ""��/"�3�� # %&��,,�� � # �* � �!)��!&� ��"/� 4"��# "�
�� "���%��. ���)��%&+ ��&&�  %��")�* %�# ����"/,�%�$ ��� �� �&"���. �!��$ "�& �!"�
,�� )� �%� ��� ���"* ���)� � //"� %�!!. ���,�� 4"��/��"�%�!&���)�&. &�"/&3�
�
�  � �)%�$ !. 0���-���# "�����$ "��&"��-� ���# "�,�� 5" ��* �&��# ����# "���,� %�. �
� "�
�"4"��,!����)"&%$ ��&# � �!)0�%��-�!!�,�� )� �%� �0�� "��� !"��� �,�� )� "�
&� !���,��"!������,�� )� �%� �� � &�����$ "��� -�!"&&��# ���F :�,"��,"�+ �* ���3��&�
&� # ��# "�"B �%,/"��� � &�0�/��"�%�!� � &�0��# �� �$ # ,��0�!�� � ��� � &����)�
"--% %"� . �* � �!)��!!�� "�+ ". �-� �� �&�%��� # %"4%�$ ��# %&0���)�%��* �&����G&�
"6 ,"��%&"�%���# "&"� � //"� %�!�-� �� �&��# ���* � �!)�,�� 4%)"��# "�� 4"��!!�
$ �%)�� "��� ��# "�,�� 5" ���" # �% �!�* � �+ 3�
�
� # "�,�� 5" ��� � 5" �%4"&�* "�"��))�"&&")��# �� �$ # �&%6 ��" # �% �!�* � �+ �
� �%4%�%"&3�� # "&"�* "�"��&�-� !!� * &9�
�
� �%4%�. �1�2�9�
��)�/"���!�&��)%"&�
� # %&��))�"&&")��# "� "!!�&��� ���"&0�!�. � ��&���)��" # �� !� $ %"&��# ���* "�"�
"6 ," �")��� �� "��"B �%�")��� �/""���# "�,�� � �� !"����$ "�� -�,�� )� �&��� �� "�
,�� )� ")�� . ��# "�-����"�,!���3�
�
� �%4%�. �1� 2�9�
�� ��� � ��� ��)",� &%�%� ��
� # %&�* � �+ �* �&��� �C )"-%�"��# "��"B �%�"/"���-� ���# "�)",� &%�%� ��� -��# "�
����&,��"���-�� ��� � ��� ��-%!/3M ����* �&��� ��"&� !4"�%&&�"&��"$ ��)%�$ � � &��
��)�B ��!%�. ��# ���# �)���%&"���&����"&�!��� -�����"6 ,"�%"� "�* %�# �%�
# � �&"�
��/� &,# "�% ���"&&��"��# "/% �!�� �,� ���� ",� &%�%� ��1���� � 2� � ��%�$ �%��
,!� "�� -�� � �$ # ��%��,�� )� �3�
�
� �%4%�. �1 2�9��"/% � �)� �� ��)",� &%�%� ��
� # "��"/% � �)� �� ��� ",� &%�%� ��� �%4%�. �* �&��� ��))�"&&��# "�-�!!����$ "�� -�
 �%�% �!�)"&%$ ����)�,��  "&&�%&&�"&��# ���* � �!)��"")��� �� "��"&� !4")��� �
,"�/%���# "���,� %�. �� "�
�"4"���!����&"/% � �)� �� ��)",� &%�%� ��&. &�"/�
�� �� "�&," %-%")3�
�
� �%4%�. �1)2�9�� "��� � ��� ��)",� &%�%� ��
� # %&�* �&��� ��"4%"* �� ,�%� �&�-� ��%/,�� 4")��"��� � ��� ��/��"�%�!&���)�
,��  "&&"&��# ���# �)�,� �"��%�!�-� ��%/,�� 4%�$ ��� � "!!�,"�-� �/�� "���)��� �
�# "�� � �)� ����%�!&�� ���# "�/� &��,�� /%&%�$ �� ,�%� �&3����* �&�%��%/��"!. �
!%�+ ")��� � "!!�&��� ���"�)"4"!� ,/"�����)"��� �%4%�. �1 23�
�
� �%4%�. �1"2�9��"!!�%&� !��%� ��
� # "�� � 5" �%4"�� -��# "��"!!��&� !��%� ��� �%4%�. �* �&��� �)"&%$ ����)�,�� 4"����"* �
$ "�"���%� ��� -��)4�� ")�!�&"���� � !&0� �,�� !"�� -�# %$ # ��# �� �$ # ,���L����!"�&��
;�7 ? �&� !��� "!!������!�,�� )� �%� ��,"��/� # %�"0�* # "�"���/� # %�"�
� ,"���")�"%�# "������# "�%�-���")�* �4"!"�$ �# �-� ���# "�
�� ����� ��� ��
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,���"��%�$ 0�� �����4%&%� !"�E$ �""�G�* �4"!"�$ �# &�-� ���# "��
�%�%��"� � ��" ����)�
� "����� ��� ��,���"��%�$ 33�
�
� �%4%�. �1-2�9���%�%�!�)"&%$ ��&��). �
� # %&��))�"&&")��# "�� 4"��!!���,� %�. �� "�
�"4"��,!������)�%�&�� ,"���%� �&3�
����� � + �%��� ��  � �����# "�,�� � �� !"����$ "�� -�,�� )� �&��� �� "�,�� )� ")���)�
�# "�&�,,� ��%�$ �%�-��&��� ���"��# ���* � �!)�� "��"")")�� . ��# "�/�5� ��,��  "&&�
�� � !&��# ���* "�"��� �� "�&",����"!. �)"-%�")�4%��� �# "��� �%4%�%"&3�
�
���,�� �% "�%��* �&�-� ��)��# ����# "�%��"�)","�)"� "�� -�� �%4%�%"&��2�

��)�/"���!����)%"&���)�1-2���%�%�!�� "&%$ �����). �* �&�&� �$ �"����&��� �
�"B �%�"��# "/��� �� "� � /� %�")�������" # �% �!�!"4"!3�� # "�"-� �"��# "&"�# �4"�
� ""���",� ��")���)"����5� %���# "�)%�$ �%���# "�-� !!� * %�$ �&" �%� �&3�
�
� # "�-� !!� * %�$ ��" # �% �!��",� ���"&&"��%�!!. �&�� �)%4%)"&��# "�/��)��� �. �
? � �+ ��"�-� �/")0�� "&�!�&���)�� %& �&&%� ���",� ���&" �%� �&��  � �)%�$ ��� �
�# "&"�* � �+ �� �%4%�%"&0�!��$ "!. �� ����� ���� ��!!. ��"-!" �%�$ ��# "�&�� 
)%4%&%� ��� -�
* � �+ �* %�# %���# "� � �&� ��%�/3�? # "�"��" "&&��. 0�� 4"��!!� � �&%)"���%� �&���"�
)"�!��* %�# ���)"���# "�&�� 
&" �%� ���2�
��)�/"���!����)%"&���)���%�%�!�
� "&%$ �����). 3�
%$ ��"&���"�&%/%!��!. �!�� "!!")��� �/�� # ��# %&��",� ��%�$ �
& # "/"3�
�

%��!!. 0�%��%&�� � 4%� �&��# ���/� # �� -��# "�* � �+ 0�%��)"-%�%�$ ����G&�-����"�
 � //"� %�!�,!��&���)�/"��&�� -�� # %"4%�$ �&�/"0�%&�# %$ # !. � � //"� %�!!. �
&"�&%�%4"3��  � �)%�$ !. 0���/�5� �%�. �� -��# "�)"��%!")�%�-� �/��%� ���&")�%��� ��
� �%$ %���%�$ �-�� /��# "�,�� 5" ��%&��� ��%� !�)")�%���# %&��",� ��0��# � �$ # �&� �-���
�&�%&�,� &&%� !"��# "�+ ". �%�-� �/��%� ��# �&�� ""��%� !�)")�%����E&��%�%&")G�-� �/3�
� # � &"�&""+ %�$ �-���# "��)"��%!�&# � �!)� � ��� ������� ���# "��"!"4����
 � !!�� � ���� �1&23�



 
 

Page 6 of 73 

<3�? J� ' ��� � 
J� 7 � �<3�? J� ' ��� � 
J� 7 � �<3�? J� ' ��� � 
J� 7 � �<3�? J� ' ��� � 
J� 7 � � ����
�
���,�� �% "0��# "�,�� 5" ���" # �% �!�* � �+ � � /,�%&")��# �""�%��"�)","�)"���
"!"/"��&I��# "&"�* "�"9�
�
�3����)%"&���)��"4%"* &0�,�%/��%!. �� . �������)��H( �� �&")�� ��� ,"��
!%�"�����"��"4%"* ���)�)%& �&&%� �&�* %�# ��"!"4����%�)�&��. � � ��� �&0��� �
)"-%�"0�)"��%!���)�/�%���%���# "� ���"� . �� -��# "�� 4"��!!���,� %�. �� "�

�"4"��,!����)"&%$ �0�,�� )� �&���)�� ,"���%�$ �/"�# � )� !� $ . 3�
�
@3���� �% �!�* � �+ 0�,�%/��%!. �� 6 %�" # 0��H( ���)�? � �( �-� ���# "�)"4"!� ,/"���
� -��# "�!��$ "���"��!�&"��,���"��%�$ ���)�&"/% � �)� �� ��)",� &%�%� ��
,�� �� �. ,"�,!���&0���)��&&�  %��")���%�!&�-� ���# "&"���)��# "��"��� � ��� ��
� �%4%�. 0�)"&%$ �")��� �,�� 4%)"�"&&"��%�!�E,�� � -�� -� � � ",�G���)���� ���%&+ �
�")� �%� ��)����-� ���# "�,�� 5" �3�
�
�3���%�%��%� ����)�)"-%�%�%� ��� -�&�,,� ��%�$ ��"�-� �/�� "0��� &����)�� %&+ �
�&&"&&/"����� � !&�� . �������)��H( ��# ���* � �!)�� "��&")��� �)"�"�/%�"��# "�
� ,�%/�/���,� %�. �� "�
�"4"��,!����&� !��%� �1&2�-� ���# "�,�� 5" ����)��� �
%)"��%-. ��# � &"���"�&�� -��" # �% �!��%&+ ��# ����"")")��%&+ ��")� �%� ��&��)%"&�
* %�# %���# "�,�� 5" ���"/%���� ��!!� * ��# "�� ,�%� ���� �� "� � �&%)"�"):3�
�
���� ��!%�"0��# "�* � �+ �,�� $ �"&&")��&�����/� "��� -�1� 4"�!�,,%�$ 2���&+ &0�
 � �)� �")� # �� �� !� $ % �!!. ��&�-� !!� * &9�
�
:3���%�%�!�&��)%"&���)��"4%"* �� -�� 4"��!!���,� %�. �� "�
�"4"��,!����� ,�%� �&0�
�&� � �&���%�")�� . �%�%�%�!�,�� 5" ��)"-%�%�%� �3��
�
�3���%�%�!��
�%��� �� � �1&"/% � �)� �� �2�)",� &%�%� ��&. &�"/�)"4"!� ,/"���
� ,�%� �&��,,��%&�!3�
�
<3�J��!%�"�)"-%�%�%� ��� -��# "�� �&"!%�"���,� %�. �� "���"4"���!���0�%� !�)%�$ �
%�%�%�!�J��!%�"��," %-% ��%� �&�-� ���# "� �%�% �!��"/% � �)� �� ��� ",� &%�%� �0�
�,���"��� ",� &%�%� ����)�( �&"������"��%�$ �&�� 
&. &�"/&3�
�
�3�� "-%�%�%� ��� -��# "�,�� �% �!���%�!&�* � �+ ���)��. &�"/��," %-% ��%� �&�-� ���# "�
�"/% � �)� �� ��� ",� &%�%� ����)�( �&"������"��%�$ �,�� �� �. ,"&��� �� "�
)"4"!� ,")�* %�# %���# "�,�� 5" �3�
�
;3�� "��%!")�"�$ %�""�%�$ �)"-%�%�%� ����)�)"&%$ ��� -�����
�%��� �� � �&. &�"/��� �
/""���# "��"B �%�"/"���-� ����%�!&�* � �+ �* %�# %���# "�,�� 5" �0� � � !�)%�$ �%����

%��!�� "&%$ ��� "4%"* ���)��,,�� 4�!��� �,��  "")�* %�# � � �&��� �%� ��� -���
( ��$ "���"���# �/� "��1( ��2���)��&&�  %��")�/� )%-% ��%� �&��� ��!!� * �
%��"$ ���%� ��* %�# ��# "�"6 %&�%�$ �� � � 3�

                                                 
1 Note that these were, for confidentiality reasons, maintained and further developed outside of the 
project and are therefore not delivered as part of this report. However, their initial development and 
their inputs to the project are reported as necessary. 
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�3�� "��%!")�"�$ %�""�%�$ �)"-%�%�%� ����)�)"&%$ ��� -��# "�( �&"������"��%�$ �� � � !�
�� �/""���# "��"B �%�"/"���-� ����%�!&�* � �+ �* %�# %���# "�,�� 5" �3�
�
�3�� "-%�%�%� ����)�)"4"!� ,/"���� -�&� -�* ��"��� � !&��� �&�,,� ����# "�&��)%"&�� -�
� ,�%/�/���,� %�. �� "�
�"4"��,!����� ,�%� �&0��� �)"-%�"��%&+ ���"�&���)��# "�
* � �+ ��"B �%�")��� �/%�%$ ��"��# "&"��%&+ &�1-� ��,�� /%&%�$ �� ,�%� �&23��
�
�3�� �%�!&�* � �+ ��&%�$ �"6 %&�%�$ �,!������)�/��"�%�!&�%��� �)"���� ��))�"&&�
)"-%�")��%&+ &���)���� ���� �,�� 4%)"�-���# "��)�����"B �%�")�-� ���# "�� �$ � %�$ �
� ,�%/�/�,!����)"-%�%�%� ��,��  "&&�1 � �)� �")�� ��&%)"�� -��# "�,�� 5" �23�
�
�3�@�%!)���)� � //%&&%� �%�$ �� -��# "�( �&"������"��%�$ �� � � !�,�� �� �. ,"�
&. &�"/3�
�
:�3�@�%!)���)� � //%&&%� �%�$ �� -��# "�%��"$ ���")�( ������ � � ��"/% � �)� �� ��
� ",� &%�%� ��� � � !�,�� �� �. ,"3�
�
::3�� �%�!&�* � �+ ��&%�$ ��# "�( �&"������"��%�$ ���)��"/% � �)� �� ��� ",� &%�%� ��
� � � !�,�� �� �. ,"&0�,�%/��%!. �%��� �)"���� �,�� 4"��# "�)"&%$ �� � � ",�&���)�
�# "�"� . ��))�"&&��"/�%�%�$ ��%&+ &�%���# "�� ,�%/�/�,!����)"-%�%�%� ��,��  "&&3�
�
:�3�J��!%�"�)"-%�%�%� ��� -��# "�-%��!�� ,�%/�/���,� %�. �� "�
�"4"��,!����
� ,�%� �&�� �&")�� ���# "��� � 4"�* � �+ 0���)�%)"��%-% ��%� ��� -��"/�%�%�$ ���%�!&�
��)�&��)%"&��"")")��� ��"&� !4"0�/%�%$ ��"0�B ����%-. �� �� !��%-. ��"/�%�%�$ �
�" # �% �!��%&+ &�� ���� "���%��%"&3�
�
:<3�J��!%�"�)"-%�%�%� ��� -��# "��"B �%�")���,� %�. �� "�
�"4"��,!����
%�-��&��� ���"���)��))%�%� ��!�&. &�"/&��"B �%�")��� �&�,,� ����# "��!�"�). �
)"-%�")� �%�% �!�&. &�"/&3�� "�"�/%���%� ��� -��# � &"�&. &�"/&��"B �%�%�$ �
-���# "��)"-%�%�%� �3�
�
:�3�
%��!���%�!&���)���� ��&��)%"&3�
%��!�,!����"B �%,/"���)"-%�%�%� ����)�
J��!%�"��," %-% ��%� �&��&��"B �%�")3�
�
:;3�J4"��!!��&&"&&/"���� -��# "�,�� 5" ���"&�!�&���)�)"-%�%�%� ��� -��# "�
� ,�%/�/�&� !��%� ��-� ������,� %�. �� "�
�"4"��,!����,�� )� %�$ �� ,�%/�/�
4�!�"�1%3"3�F �? ,2�&� !����� �,��"!�,�� )� �&3�
�
���&# � �!)��!&� �� "��" � $ �%&")��# ����# �� �$ # � ����# "�,�� 5" �0�,��  "&&"&�
�"!"4������ ��# "�,�� 5" ��* "�"�� "%�$ �-���# "��)"4"!� ,")���)�� ,�%/%&")����
�# "�����@�%)$ "�)�&� !����� �,��"!�,�� )� �%� ��,!���3�� # "��"&�!�&�� -��# %&�
,��  "&&�)"4"!� ,/"���* "�"��4�%!�� !"��� ��# "�,�� 5" ���"�/��# �� �$ # � ����# "�
* � �+ ���)�,�� 4%)")�&�� &����%�!��))%�%� ��!�%�,����� ��# "�* � �+ 3�
�
�&�"��!%"��)%& �&&")0��# "�,�� 5" ��/���$ ")��# "�* � �+ �4%������/� "��� -�
 � ���� ���!!. �)%& �"�"�� �%4%�%"&0��# � �$ # ��# "�� �$ ��%&��%� ��!���)�&��--�
� 4"�!�,�� ���# "&"�"�&��")��# ����# "�E# � !%&�% G�4%"* ,� %���&� �"&&"��%�!��� ��# "�
)"4"!� ,/"���� -����� ,�%/�/�,!����&� !��%� ��* �&�/�%���%�")3�� � �/�%���%��
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 � �&%&�"� . �* %�# ��# "� � ���� �")�* � �+ 0��# "&"�� �%4%�%"&�,�� 4%)"��# "�&�� 

&" �%� �&�-� ���# "��",� ��3�
�
? � �+ ��"�-� �/")�? � �+ ��"�-� �/")�? � �+ ��"�-� �/")�? � �+ ��"�-� �/")�LLLL����� �%4%�%"&��2�� �%4%�%"&��2�� �%4%�%"&��2�� �%4%�%"&��2�
��)�/"���!����)%"&���)�
��)�/"���!����)%"&���)�
��)�/"���!����)%"&���)�
��)�/"���!����)%"&���)�-2�-2�-2�-2���%�%�!�� "&%$ ����%�%�!�� "&%$ ����%�%�!�� "&%$ ����%�%�!�� "&%$ ��
���).���).���).���). ����
�
���� ��!%�"0��# "�* � �+ �-� ���# %&�� �%4%�. �* �&�,�� $ �"&&")�%���# "�-� !!� * %�$ �
&��$ "&9�
�
�23���%�%�!��"4%"* ���)��&&"&&/"���� -� "!!���)�,��"!�)"&%$ ��� ,�%� �&0�
)"-%�%�%� ��� -�,!�����"B �%�")��� �&�,,� ����# "&"�� ,�%� �&3�
� 23�J,�%� �&��"4%"* ���)�,�%� �%�%&��%� �0�!"�)%�$ ��� �)"-%�%�%� ��� -���%�%�!�
J��!%�"��!����� "&%$ �0�J��!%�"��," %-% ��%� �&�-� ��/�5� ��,�� )� �%� ��%�"/&�
1�"/% � �)� �� ��� ",� &%�%� �0�( �&"�0� � ��� ���� ��"�&20���%�!&��"B �%�"/"��&3�
 23��"�%� )% ��,)��"�� -��# "�,!����)"&%$ ��� ,�%� �&�%���"&,� �&"��� �,�� 5" ��
��%�!&�* � �+ 0�&. &�"/&�)"4"!� ,/"�����)�"6 �"���!�!%�"�����"3�
)23��!����%�-��&��� ���"�)"-%�%�%� ��&��)%"&�1!�&����/� ��# &�� -�,�� 5" �2�
"23�
%��!�)"-%�%�%� ��� -���,� %�. �� "�
�"4"��,�"-"��")�,!����� ,�%� �&���)�

%��!�J��!%�"��!����� "&%$ ��1* %�# �&�,,� ��%�$ �/� �"�)"��%!")�)"&%$ �&�-� ���# "�
�"/% � �)� �� ��� ",� &%�%� ����)�( �&"������"��%�$ �� � � !&23�
�
���$ "��2�* �&�,�%/��%!. ���,�,"����)�&� -�* ��"�"6 "� %&"0�%�4� !4%�$ �
&�� &����%�!�!%�"�����"��"4%"* 0�)%& �&&%� �&�* %�# ��"!"4����,!����/���-� ���"�
��)�%�)�&��%�!��&"�&0�&�,,!"/"��")�%��/��. � �&"&�� . �-%�&��# ��)�
"6 ,"�%"� "�� -�&%/%!���&. &�"/&���)�,��  "&&"&3��� � "!!���)�,��"!�� ,�%� �&�
* "�"����"6 ,!% %����)� �%�% �!�)" %)%�$ �-� �� ��%��)"�"�/%�%�$ ��# "�
,�� )� �%� ��&����"$ . ���)�* "�"��!&� ��))�"&&")�����# %&��%/"��# �� �$ # �
!%�"�����"��"4%"* ���)�)%& �&&%� �&�* %�# �&� !���,��"!�/���-� ���"�&3�
�
���%�%�%�!�E&%-�G�� -��# "�* %)"����$ "�� -�� ,�%� �&�%)"��%-%")�"!%/%���")��# � &"�
�# ���* "�"�%�&�--% %"��!. �)"4"!� ,")�� ����,�� 4"��%�� � //"� %�!�,�� )� �%� ��
1� ��%��&� /"� �&"&�* "�"�-� ��)��� �� "�-�%!%�$ ��� �)"!%4"���# "��"&�!�&�,�� /%&")�
� . �,�� !%&# ")��"&"�� # ��"&�!�&23�� # "��"/�%�%�$ �� ,�%� �&�* "�"�&�� 5" �")��� �
 � &��� -�,�� )� �%� ��&��)%"&��� �)"�"�/%�"�* # % # �,�� 4%)")��# "�/� &��
,�� /%&%�$ �&� !��%� �&�-� ��-���# "�� � �&%)"���%� ��* %�# %���# "�,�� 5" �3�� # "&"�
* "�"�&�,,!"/"��")�� . �,"�-� �/�� "���)��%&+ ����!. &"&0��# "�!���"��
"&," %�!!. �-�  �&&%�$ �� ���# "��" # �% �!��%&+ �,� &")�� . �&� /"�� -��# "��"* "��
�" # �� !� $ %"&3�
�
�&&"&&/"���� -��# "��"&�!�&�� -��# %&�,# �&"�� -��# "�* � �+ �-� ��&��$ "�� 2�
 � �-%�/")��# "�%�%�%�!�,�� 5" ��&����"$ . 9��# "�/�%�� # �!!"�$ "&�* "�"�%���# "�
&"/% � �)� �� ��)",� &%�%� ����)�!�&"��,���"��%�$ ��� � !&���)�* � �!)��"B �%�"�
&�� &����%�!���%�!&���)�&. &�"/&�)"4"!� ,/"���* %�# %���# "�,�� 5" �3�� # "�-�� ���
��)�� � + � � ��� ��,��  "&&"&��!&� ��"")")� � �&%)"���%� ��1&�,,!"/"��")�� . �
/� �"�!%/%�")���%�!&23�
%��!!. �%��* �&� � �-%�/")��# ����# "�E&" � �)��. G�,!����
&. &�"/&���)�%�-��&��� ���"�L�"3$ 3�����&-"��&. &�"/&0�* �&# �&. &�"/&0�
&�� ��$ "�L��!�# � �$ # �* %)"!. ��4�%!�� !"��&��� //"� %�!�J--�� # "��# "!-�1�J� �2�
%�"/&0�* � �!)��"B �%�"�� ��!%�"�)"-%�%�%� ���� * ��)&��# "�"�)�� -��# "�,�� 5" ���� �
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"�&��"� � /,��%� %!%�. ���)��# �� �$ # ,��� � �&%&�"� . �* %�# ��# "�,�%/��. �
&. &�"/&��&�)"-%�")�� . ��# ����%/"3��3"3�%��* �&�"&&"��%�!��� ��# "� � &��
� ,�%/%&��%� ��� � 5" �%4"��# ����# "�,!����)"&%$ ��* �&�)"4"!� ,")���)�
 � /,!"�")��&����%��"$ ���")�* # � !"3�
�
� # "�&��$ "�� 2�� ,�%� �&��"4%"* ��!&� �$ �4"��%&"��� ���%�!&��# ���* "�"��"B �%�")�
&",����"!. �-�� /�&. &�"/&���)�,��  "&&�)"4"!� ,/"��3�� # "&"�* "�"�
,�%/��%!. ��"!"4������ ��# "� "!!�)"&%$ ��"!"/"���� -��# "�* � �+ 0���)�* "�"���
&"�%"&�� -�E�%&+ ��")� �%� �G�� ��,�� )� �%� ���&&"&&/"�����%�!&��� �� "��))�"&&")�
��)"��� �%4%�. � 2��"/% � �)� �� ��� ",� &%�%� ��1�",� ��")�!��"�23��
�
�� � �)"�!�* %�# ��# "���,%)!. �$ �� * %�$ ���)�%��/��. � �&"&�%��"�)","�)"���
� ,�%� �&�)"4"!� ,%�$ ���)"���# %&�� �%4%�. 0���-� �/�!��"�-� �/�� "0��� &����)�
� %&+ �1��� 2�/���%6 �* �&��!&� �)"4"!� ,")�-� ���&"�� ���# "�,�� 5" �3�� # %&�
�!!� * ")�,�� 5" ����%�!&���)��"&"�� # �,�%� �%�%"&��� �� "�/� �"��"�)%!. �
%)"��%-%")3���!�# � �$ # �%�%�%�!!. �)"4"!� ,")�-� ��,�� 5" ���&"0�%��* �&�)" %)")�
�# ����# "� � ��"��&�� -��# %&���� �/���%6 �L�"&," %�!!. ��# "� � &����)�
,"�-� �/�� "�-� �� �&�L��",�"&"��")�%/,� ��������)� � //"� %�!!. �&"�&%�%4"�
%��"!!" ���!�,�� ,"��. �1��2���)��# "���� ����!. &"&�* "�"��# "�"-� �"�,�� $ �"&&")�
"6 �"���!!. ��� ��# "�,�� 5" �3�
�

�� /��# %&�,� %���,�� 5" ��� �%4%�. �� " �/"�,�%/��%!. �-�  �&&")�� ��
,�� $ �"&&%�$ ��# "� �%�% �!�&. &�"/&�)"4"!� ,/"�����)��# "�&�,,� ��%�$ ���%�!&�
)"-%�")����&��$ "�� 23�( � * �+ ". �� �%4%�. � � ��%��")�# � * "4"��� ���"4%&%�$ ���)�
�"-%�%�$ ��# "�� 4"��!!�,!����)"&%$ ����)� "!!�� ,�%� �&0�"!%/%���%�$ ��# � &"��# ���
,�� 4")���-"�&%� !"�� �� !"��!. ��� � � � &�!. �� �����" "&&��. ��&�/� �"�)����* �&�
� � ��%�")3�� # %&�&��$ "� 23�� -��# "�� �%4%�. ��!&� �/�%���%�")���* �� # �� ��
�"!"4����"6 �"���!�)"4"!� ,/"��&3�
�
@. ��# "�� "$ %��%�$ �� -�8 �����. ����;0��# "�* � �+ �� ��)"-%�%�$ � "!!���)� �%�% �!�
� ��/�5� ��&. &�"/&���)�,��  "&&�� ,�%� �&�* �&�&�--% %"��!. �,�� $ �"&&")��� �
�!!� * ��# "��"/�%�%�$ �%�-��&��� ���"�� -��# "���,� %�. �� "�
�"4"��,!������ �� "�
)"-%�")3����$ "�1)2�%�%�%�!!. ��"4%"* ")���)��",� ��")�� ���# "�� 4"��!!�
�"B �%�"/"��&0��&����"&�!��� -�* # % # �����/� "��� -�%�-��&��� ���"�"!"/"��&�
* "�"�)"-%�")��&��"B �%�%�$ �/� �"�)"��%!")� � �&%)"���%� ����)����!. &%&3�� # %&�
* �&� � /,!"�")���)��",� ��")�����# "�&�/"��%/"��&��# "�-%��!�)"-%�%�%� �&�� -�
�# "� �%�% �!���)�/�5� ��&. &�"/&���)�,��  "&&"&�* "�"�-%��!%&")0��!!� * %�$ �
 � /,!"�%� ��� -��# "�* � �+ ��# �� �$ # �)"-%�%�%� ��� -��# "�
%��!�J��!%�"��!����
� "&%$ ��1��)�&�,,� ��%�$ �&�� &. &�"/�)"-%�%�%� �&2�%��&��$ "�"23�J-��# %&�
� �%4%�. 3�
�
? � �+ ��"�-� �/")�? � �+ ��"�-� �/")�? � �+ ��"�-� �/")�? � �+ ��"�-� �/")�LLLL�� �%4%�. �� 2�
�� ����� ��� ��� ",� &%�%� ��� �%4%�. �� 2�
�� ����� ��� ��� ",� &%�%� ��� �%4%�. �� 2�
�� ����� ��� ��� ",� &%�%� ��� �%4%�. �� 2�
�� ����� ��� ��� ",� &%�%� �����
����
��%�%�!!. �%��* �&�"6 ," �")��# ����"* ���� � �&. &�"/&�* � �!)�� "��� !"��� ��"�)%!. �
� 4"� � /"��# "� � &����)�B ��!%�. �%&&�"&�,�"4%� �&!. �"6 ,"�%"� ")�%��������)�
�# "�%�%�%�!�-�  �&�� -��# "�* � �+ �* �&�� ���&&"&&/"���� -�&�%��� !"�,!����-� ��%�

# � �&"��&"3�> � * "4"�0�%��* �&��" � $ �%&")��# ����# "� � /� %�")���)�%� �"�&%�$ �
/��+ "�&�-� ��!��$ "���"��&� !�����)�)%&,!�. �,��"!&�* "�"�,�� 4%)%�$ ��# "�
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&�,,!%"�&�� -�,�"
 � ��")�$ !�&&�* %�# ���&�� &����%�!�%� "��%4"��� �� ,�%/%&"�
 � &�&0�B ��!%�. ���)��&"�� �&�� /%&��%� ��� -��# "%��,�� )� �0��� ���)"$ �""��# ���
/%$ # ��* "!!�"�� )"���. � � &��)%--"�"��%�!���)��# "�"-� �"��# "�& � ,"�� -�* � �+ �
%� !�)")��&&"&&/"���� -�4��%� �&�� � �$ # �
%��,�� )� �3�
�
� # "�-�� ��� � ��� ��-� ���# "�&���)��)���,� %�. �� "�
�"4"��,�� )� ��1$ !�&&�
,��"!�� �&")��� 2�* �&�)"-%�")��� �� "�������&,��"��� � �)� �%4"�� 6 %)"�1� �J2�
�# ���* �&� � /,��%� !"�* %�# �!��"��,��  "&&%�$ 0�%��,���% �!����
�%� "!!�
)",� &%�%� ������,��� ��;��)"$ 3�3�� # "�&���)��)�� �J��&")�%������,�� )� �%� ��
* �&��%��� 6 %)"0��&��!!. ��"6 ���")��� �%/,�� 4"��� �,��"!�,"�-� �/�� "�
�# �� �$ # �!%$ # ��& ���"�%�$ �3�� # %&��"�)%!. �/"���# "��"B �%�"/"��3�
�
����/� �,# � �&�&%!% � ��� �&")�&%�$ !"�� ��/�!�%
5�� �%� ��&� !���/� )�!"&0��# "�
�"6 ���")�� �J� � ��%�$ �%&����%��"$ ��!�,����� -��# "�� �%4"�&� !��� "!!���)�# �&�
�# �""� �%�% �!�-�� �%� �&9�

1%2 ���� �&��&��# "�-�� ���"!" ��% �!� � ��� ���� ��# "��� � "!!3�
1%%2 �������&/%�&�!%$ # ��%��� ��# "�&� !���/� )�!"0���)�
1%%%2 ���& ���"�&��# "�%� � /%�$ �!%$ # ���� �%� �"�&"��# "�E"--" �%4"�

�� &� �,�%� ��!"�$ �# G�%���# "�,# � �� 4� !��% �!!. �� �%4"�,����� -��# "�
&� !���/� )�!"3�

�
� # "&"��# �""�-�� �%� �&��"B �%�"��# "��%��� 6 %)"� � ��%�$ ��� �# �4"�,�� ,"��%"&�
��%B �"��� ��# %��-%!/�&� !��� "!!��,,!% ��%� �&3�7 � �"� 4"�0��# "�&�� &"B �"���
,��  "&&%�$ �&�",&���"�C ���")M ��� ��# "�,���% �!���&��-� "�-"����"&�� -��# "��%��
� 6 %)"� � ��%�$ ���)��# "�"-� �"��",�� )� %� %!%�. �� -� # ��� �"�%&�% &0�%� !�)%�$ �
�"6 ���"0�%&� �%�% �!3�
�
��%� ��,�� )� �%� ������# "�@�%)$ "�)�-� �� �. �# �)��&")�� � �# �� � �$ # ��%��
&�,,!%"&�� -�,�"
 � ��")�$ !�&&�1%3"3�* %�# ���&�%��� !"�� �J��!�"�). �)",� &%�")2�
��)�%�
# � �&"� � ��")�$ !�&&�,��"!I�����/� "��� -��!�"����"�&�,,!%"�&�# �)�
� ""����%")�-� ���# "�-� �/"�0��# � �$ # �����# "�&������ -��# "�,�� 5" ���# "�,�� )� �&�
� -�( %� � ". 
J* "�&

� �)�1( J
2�* "�"�,�"-"��")3�
�
� ��%�$ ��# "� � ��&"�� -��# "�,�� 5" �0�� ����" # �� !� $ . �* �� # ��!&� �%)"��%-%")���
)"4"!� ,/"���%������!�"����"�/��"�%�!&��" # �� !� $ . 0�D %� �� 6 %)"�1N �J2��# ���
�"B �%�")� � �&%)"���%� �3�
�
� # �&0��# �""�� ,�%� �&�* "�"� � �&%)"�")�-� ���# "�-�� ��� � ��� �9�
�
%23��� ��%��")�,�� # �&"�� -��# "� ���"��� � //"� %�!�,�� )� �&0�"%�# "��E� --��# "�
&# "!-G�� �� �&�� /�/�)"0�* # % # �* �&��"6 ���")��%��� 6 %)"�1��J�2� � ��")�$ !�&&3�
%%23���� # �&"�� -��# "�"B �%,/"����"B �%�")�-� ��%�
# � �&"�,�� )� �%� ��� -��%��
� 6 %)"� � ��%�$ �� ��$ !�&&3�
%%%23��# ��$ "� 4"���� �N �J� � ��")�$ !�&&0���&. &�"/�-� ���# "�)",� &%�%� ��� -�
* # % # �# �)��" "��!. �� ""���",� ��")��� �# �4"�� ""��� # %"4")0���)�* # % # �
�,,"��")��� �,�� 4%)"�%/,�� 4")��� ��"&,� �&"3�
                                                 
2 Note that the level of texturing required is dependent upon the later cell structure and generally 
requires customisation to achieve optimum PV performance. 
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� # "�-� ���/�5� ��%&&�"&� � �&%)"�")�%���# %&�� �%4%�. �* "�"�&" ��%�. �� -�&�,,!. 0�
 � &�0�,"�-� �/�� "���)�,��  "&&�/����%�. �1%3"3��# "�!"4"!�� -��%&+ ��&&�  %��")�
* %�# ��)� ,�%�$ ��# "��" # �� !� $ . �-� �����"* �&����� � //"� %�!�,!���23�
�
� # "�* � �+ �!��$ "!. � � /,�%&")�)%& �&&%� �&���)�� �
&%�"�/""�%�$ &�* %�# ��# "�
�"!"4����&�,,!%"�&0�&�,,� ��")�� . �%�
# � �&"��&&"&&/"���� -��# "%��,�� )� �&�
�&%�$ �� � �# ��# "�> �D "���)�� ���&/%&&%� ��/"�&��"/"���&. &�"/�� B �%�")�-� ��
�# "�,�� 5" ����)�)",� &%�%� ����%�!&�* # "�"��"!"4���3�� # "��"&�!�&�� -��# %&�* � �+ �
��"��",� ��")�!��"�3�
�
? � �+ ��"�-� �/")�? � �+ ��"�-� �/")�? � �+ ��"�-� �/")�? � �+ ��"�-� �/")�LLLL�� �%4%�. � 2��"/% � �)� �� ��� ",� &%�%� ��� �%4%�. � 2��"/% � �)� �� ��� ",� &%�%� ��� �%4%�. � 2��"/% � �)� �� ��� ",� &%�%� ��� �%4%�. � 2��"/% � �)� �� ��� ",� &%�%� �����
�
� # %&�* � �+ �* �&�,!���")��� �� "���/%6 �� -�,�,"��&��)%"&0�,�� �% �!���%�!&���)�
"6 ,"�%/"����%� �3���,"��&��)%"&�%� !�)")��" # �� !� $ . ���)�,��  "&&�� ,�%� �&�
�"4%"* ���)� � &��/� )"!!%�$ �* %�# %���# "�� 4"��!!�,!����,"�-� �/�� "0� � &����)�
�%&+ ��&&"&&/"���* � �+ 3�� # "���%�!&�* "�"��� �� "� � �)� �")��&%�$ ��# "�
,�"4%� �&!. �)"4"!� ,")�� � � 0�%�%�%�!!. �-%��")�* %�# ���&���)��)�O@�%)$ "�)O�
)",� &%�%� �� # �/� "����)�,!��"�# � !)"��&"�0�!��"���# "��"* �( ��� � �&��� �")�
-� ���# "�,�� 5" �3�� �%4%�%"&��� �� "� � 4"�")�* "�"9�
�

:3 	 �/� "��� -�5�� �%� �&9�* # "�# "��&%�$ !"�� ��&�� + ")� "!!&�* "�"�� ,�%/�!�
%���"�/&�� -�,"�-� �/�� "0�&��� %!%�. 0��,,!% ��%� ����)� � &�3�

�3 ( �. "��/��"�%�!&9��# "�"6 �"����� �* # % # �/% �� �� ������ 
 �. &��!!%�"�
!�. "�&�� ��,���&�� -�!�. "�&� � �!)�� "��&")��� �"�# �� "��# "��� � 4"�
,���/"�"�&3�

<3 � ",� &%�%� ��� " # �%B �"&9��# "&"�* "�"��� �� "�/%�� ��4��%��%� �&�� ��
�� �� � �� �!. 0��# � �$ # �* %�# ��# "��"�!%&��%� ���# �����O* �� # %�$ �� �%"-O�
�"")")��� �� "�+ ",��� ��"6 �"���!�)"4"!� ,/"��&��# ���/%$ # ���"�)"���# %&�
* "!!�"&��� !%&# ")��" # �� !� $ . ��")��)���3�

�3 �# �/� "����)�# � !)"��&"��)"&%$ �9��� �� ,�%/%&"��# "�&��� %!%�. 0�
��%-� �/%�. 0�,"�-� �/�� "0�$ �&���%!%&��%� ����)��# �� �$ # ,��� �,�� %!%�. 3�

�
� # "�"�* "�"�����/� "��� -� � �&���%��&��,,!% �� !"��� ��# %&���&+ 0��"&�!�%�$ �
-�� /�"��!%"�� � �&%)"���%� �&�� -��# "��"B �%�")��,$ ��)"�,��# ���)�%�%�%�!�
�" # �� !� $ . �)"-%�%�%� ��* � �+ �-� ���# "���� 5" �3�� # "&"�* "�"9�
:3�� # "�( ���* � �!)�� "����� �� � �&. &�"/�-� ���# "�)",� &%�%� ��� -��
�%�� �&")�
�# %��-%!/�&� !��� "!!&<3�
�3�� # "�( ���* � �!)�� "���� �� # �!� �)�&. &�"/0��� �,�� )� "����� --��� /%��!�
:�;6 �� /�,!��"&�%����<�# � ���)",� &%�%� �� .  !"�1!� �)��� ���!� �)2�3�
<3�� # "�( ���* � �!)�/�+ "��&"�� -��# "�"&��� !%&# ")��"/� 4�� !"�E,!��"�# � !)"��
&"�G�&. &�"/��� �,"�/%��4��%��%� ��%��&�� &����"�!� �)�1-� ���!�"����"�,�� )� �&2�
* %�# � ����!�"���%� ���� ��# "�&. &�"/3�
�

                                                 
3 I.e. the basis of the Capacity Ten-Seven Project was to optimise plant for the existing, well 
established technology in use by the Lead Collaborator, as it was expected that this would provide the 
best ‘$/W’, low risk solution. 
4 Separate assessment of continuous feed ‘in-line’ systems showed them to be a high capital cost, 
potentially low reliability option, with no clear benefit over an optimally designed batch load system. 
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� &&"��%�!!. ��# "�"-� �"��# "��" # �� !� $ . ��� �� "�)"4"!� ,")���)��# "�( ���%�&"!-�
* "�"� � &����)�,"�-� �/�� "�� ,�%/%&")�)"4"!� ,/"��&�� -��# "�"6 %&�%�$ ��
�%�
� �&")��" # �� !� $ . �%���&"�� . ����3����* �&�� ���# "�� �&%&�� -��# "��� � 4"��# ����# "�
�"/% � �)� �� ��� ",� &%�%� ��* � �+ �,!��&�* "�"�)"��%!")3�
�
���� ��!%�"0�%�%�%�!�,!���%�$ �"�4%&�$ ")��# "�-� !!� * %�$ 0�"&&"��%�!!. �&"B �"��%�!�
� �%4%�. 9�
�

:3 ( ���)"-%�%�%� ����)�)"&%$ �0�%� !�)%�$ ��&&�  %��")�� � � �&� -�* ��"���)�
# ��)* ��"�/� )%-% ��%� �&��"B �%�")��� �&�,,� ����# "�* � �+ �� � 5" �%4"&3�

�3 ������� -�( ���� �%!)3�
<3 � "4%"* �� -�)",� &%�%� ���" # �� !� $ . ���)�,��  "&&�� ,�%� �&0�%�,����� �

� 4"��!!�,!����,"�-� �/�� "0� � &����)��%&+ ��&&"&&/"��3�
� "�"�/%���%� ��� -�� ,�%/�/�& # "/"1&20�+ ". �)�%4"�&���)���. �
�� "���%��%"&��"B �%�%�$ ��"&� !��%� ���# �� �$ # ���%�!&3�

�3 ��%�%�!���%�!&�� -� �%�% �!�"!"/"��&��&%�$ ��# "���/� )%-%")�� � � 3�
;3 ��&��!!��%� ����)� � //%&&%� �%�$ �� -��"* �( �����)��&&�  %��")�

/� )%-% ��%� �&�
�3 � �%�!&��&%�$ ��# "�( ����� ��"&� !4"��"/�%�%�$ �%&&�"&0�,�%/��%!. �

�"&�!�%�$ �-�� /��" # �� !� $ . �& �!"��,3�
�
����# %&�,� %��0��# "�,�� 5" ��� � 5" �%4"&�* � �!)�� "�� # %"4")3��))%�%� ��!�
O&��"� # O����$ "�&�* "�"��!&� �%�-� �/�!!. �&"���� �,�� 4%)"�-���# "��O)"
�%&+ %�$ O�� -�
�# "�!%+ "!. �,!����)"&%$ �0���)��� �$ �%��4�!��� !"��)4�� "�,��  "&&�"6 ,"�%"� "�
* %�# ��# "��"* �!��$ "���� �,!��"�
�

�3 � ",� &%�%� ��1��)��&&�  %��")�-�� �% ��%� �2�� -���	 ;�� �&")�&� !���,��"!�
�� �,�� ,� &")���,� %�. �� "�
�"4"��,!����)"-%�%�%� �3�

�3 � ",� &%�%� ��� -�,�� /%&%�$ �4��%����&��� ���"&���)�/��"�%�!&��&�-�!!�
&%D "�&� !���,��"!�L��# "&"�4��%����&��� ���"&�* � �!)�� "��# � &"��&&"&&")�
�&���&�%�")��� �%�%�%�!�,�� )� �%� ��)�"��� ��" # �� !� $ . �� ��,��  "&&�
 � /,!"6 %�. ���%//����%�. �1��)�# "� "� � �&"B �"���# %$ # ��%&+ �-� ��%�%�%�!�
 � //"� %�!�� ,"���%� �&20�� ���* # % # ��"4"��# "!"&&�# "!)�� ���,�� /%&"�
� -�)"!%4"�%�$ �&%$ �%-% ����� "�"-%��%-� � ��" �!. ��"�!%&")3�

�
	 � �* %�# &���)%�$ ��# "�� �"�. "���&�&,"�&%� ��� -��# "�,�� 5" ��-� !!� * %�$ ��# "�
%�%�%�!���%/"��� ���� �� �O&�!%B �%)��%� �0� � /,� ��)")�� . �&"4"�"�)"!�. &��� �
( ���)"!%4"�. ���)� � //%&&%� �%�$ 0��# %&�,!���* �&�"&&"��%�!!. �-� !!� * ")0��# "�
� �!. �&%$ �%-% ���� # ��$ "�� "%�$ ��# ���/� &��� -��# "�O)",� &%�%� ��%&&�"&�
�"&� !��%� �O�* �&� � �)� �")��&%�$ ��# "���/� )%-%")�� � � 3�> � * "4"�0��# "�
���% %,��")�)"4"!� ,/"���� -��# "�@�%)$ "�)�-� �� �. �-� %!%�%"&�%��"�)")��� �
&�,,� ����# "�,�� 5" ��* � �+ �* �&�&"�%� �&!. �)"!�. ")�L�� ��%���# "� �&"�� -��# "�
"6 ," �")�� � + � � ��� �� � ��"���,$ ��)"0�)%)��� ����+ "�,!� "3�� # %&�&"4"�"!. �
 ����%!")�� �%4%�. �� ��&��"� # �� �%4%�%"&�����)��0��# � �$ # �%��)%)��� ��%/,")"�
,�� $ �"&&�� ���# "�,�� 5" �O&�"&&"��%�!�� �%4%�%"&�:��� ��3�
�
                                                 
5 I.e. cells made using the well established a-Si p-layer (P), i-layer (I), n-layer (N) junction structure, 
whether single or multi-junction – e.g. a PIN-PIN cell. 



 
 

Page 13 of 73 

� # "�� �%4%�%"&�* "�"��" � $ �%&")��&�� "%�$ �# %$ # !. �%��"�)","�)"��0�
�" "&&%���%�$ � � ��%���!��" # �% �!�/���$ "/"�����)��")%�" �%� ���&��# "�
* � �+ �,�� $ �"&&")���)�)%--% �!�%"&�"/"�$ ")���)�* "�"��"&� !4")3�� # "�
-� !!� * %�$ �&" �%� �&�� -��# "��",� ����# "�"-� �"�)"�!�* %�# �* � �+ ���)�,�� $ �"&&�
��)"���# �""�/�%��# "�)%�$ &9��# "�( ���)"&%$ �0�� �%!)0� � //%&&%� ����)�
)"4"!� ,/"���1� �%4%�%"&�:0��0�;0����� � 4"2I��# "��"&�%�$ ���)�)"-%�%�%� ��� -��# "�
,�"-"��")� "!!���)�/��"�%�!&�� ,�%� �&�1� �%4%�%"&�<0�����)����� � 4"2I���)��# "�
,�� $ �"&&�/�)"�� ���# "�( ���&��"� # ����$ "�&�L�&� !���,��"!�,�� )� �%� ��
�
1� �%4%�%"&�����)����� � 4"23�
�
? � �+ ��"�-� �/")�L�( ���� "4"!� ,/"���
� # "�( ���* �&��# "� �%�% �!�,��# �%�"/�%���# "��� � 4"�* � �+ 0���)�%��* �&�
"&&"��%�!��# ���)"&%$ ����)�)"-%�%�%� ��* � �+ �* �&�&����")�%//")%��"!. �%���# "�
��� 5" �3�
� ���# %&��"�&� �0��# "�%�%�%�!�( ����"B �%�"/"��&�)"-%�%�%� ���� � + �%��� �
�  � �����# "��"")��� �,�� 4%)"�-� ���# "�/� &��)"/��)%�$ �,��  "&&���)"��
 � �&%)"���%� ��-� ���# "���,� %�. �� "�
�"4"��,�� 5" ��L���)��!�5�� �%� �� "!!�
&��� ���"��&%�$ �/�!�%,!"�/��"�%�!��. ,"&��� �� ,�%/%&"�&� !����� �
,"�-� �/�� "0�%3"3��# "�&. &�"/�* �&�)"&%$ �")��� �,�� 4%)"�/� �"� �,�� %!%�. �
�# ���/%$ # ��� "��"B �%�")�� � "��# "�� ,�%� �&�# �)�� ""��/� �"�-�!!. � � �&%)"�")�
��)� � &�")3��))%�%� ��!!. 0��# "��"B �%�"/"��&�)"-%�%�%� ���!&� �%� !�)")�
-"����"&��# ����"&�!�")�-�� /�"6 ,"�%"� "�* %�# ��# "�"6 %&�%�$ �@�%)$ "�)�
)",� &%�%� ��&. &�"/&�L�"3$ 3���&%/,!"����)�/� �"��� � �&��� 
� � ��" �%� �3�
�
� �+ %�$ ��# "&"��"B �%�"/"��&���)��# "�� 4"��!!���� 5" ���"B �%�"/"��&���)�
�"&��% �%� �&�%��� ��  � ���0�"�$ %�""�%�$ �&��)%"&� � //"� ")�-�� /��# "�
��� 5" ��&����0�-�  �&&%�$ �� ��%&&�"&��# ���/%$ # ����%&"��&����"&�!��� -��# "�&%D "�
& �!"��,��"B �%�")�3�@. ��,�%!�����0�%�%�%�!� � &����)�� ,�%� �&�&��)%"&�# �)�
)"-%�")���&����%�$ �� �&%&�-� ���# "��
�%�)",� &%�%� ��&. &�"/���)���-�!!�
� "B �%�"/"��&��," %-% ��%� ��* �&�,�� )� ")��� �,"�/%��)"��%!")�)"&%$ ��
* � �+ ��� �� "$ %�3�
�
���� ��!%�"0��# "�,�%/��. �-�� �%� ��� -��# "�( ���* �&��� �,�� 4%)"���&. &�"/�%��
* # % # ��# "�,��  "&&� # ��$ "&���%&%�$ �-�� /�%� �"�&%�$ ��# "�,!��"�&%D "� � �!)�
� "��))�"&&")0�%��,���% �!���$ �&�-!� * ���)�� 
���%-� �/%�. �%&&�"&3�� # "���%��
* �&��!&� ��� ��!!� * ��"&�%�$ �� -�����/� "��� -�,� �"��%�!�,��  "&&���)�
� ,"���%� ��!�%/,�� 4"/"��&��# ���# �)���%&"��* %�# �� ,"���%� �&�"6 ,"�%"� "0�
� � �# �* %�# ��# "�����-� �� �. �,�� )� �%� ����%�&���)�* %�# ��# "�� � � 3�� # "&"�
�"B �%�")���)"$ �""�� -��)�,��� %!%�. ��� �� "�� �%!��%��� ��# "�&. &�"/0���)��# "�
 �,�� %!%�. ��� �� "��� !"��� ��"������� �E��%")���)��"&�")G�/"�# � )&��&���-�%!&�-"3�
�
� # "���%��* �&��"B �%�")��� �,�� 4%)"�� �� # �,��  "&&%�$ �� -�:�; /�6 ��� /�6 �
<//��# % + �$ !�&&�,!��"� � ���%�")�%���"/� 4�� !"�E# � !)"��&"�&G�1> �20��&�* %�# �
�# "�����-� �� �. �&. &�"/&3�� � ��!�$ !�&&�!� �)�* � �!)�� "����,!��"&0�%����> �3�� # "�
( ���* � �!)��"")��� �4� ��/� � /,��%� !"�1%3"3��!�%/��"�,�"&&��"�� "��"���# ���

                                                 
6 The existing chambers at Intersolar were designed for 8 off nominal 92x33cm plates – i.e. the new 
chamber would take 16 times the material of the old chambers, with commensurate size, weight, 
vacuum engineering and process support implications, regardless of design detail. 
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:�
��/� �������� � /��"/,"�����"2���)� �,�� !"�� -�� ,"���%� ������;��)"$ �""&�
�"��%$ ��)"3�
�
� "��%!")�"�$ %�""�%�$ �)"&%$ ��&�,,!"/"��")�� . ��"$ �!���)"&%$ ��/""�%�$ &�
��)�-� �/�!�� "&%$ ��� "4%"* &�* �&�!��$ "!. � � /,!"�")�� . �!��"�����3�

� !!� * %�$ ���� 5" ��&�&,"�&%� �0��# "�)"&%$ ��* �&� � /,!"�")0��"4%"* ")���)�
�  ",�")�� . ��!!� � !!�� � ���� �&������
%��!�� "&%$ ��� "4%"* �# "!)�%��	 � 4"/� "��
���<3��-�"��-%��!�)"��%!")�)"&%$ �� # ��$ "&0� � &�%�$ ���)������H( ��,,�� 4�!�
� -�? "&��� " # �� !� $ . G&�-%��!�)"&%$ �&0�� �%!)�� -��# "���%����)�� B �%&%�%� ��� -�
&�,,� ��%�$ �%�-��&��� ���"���)� � /,� �"��&�* �&� � //%��")��� �%��"��!. �
����3�
�
@�%!)� � //"� ")�%//")%��"!. 0�"&&"��%�!!. ����!�"�")�-�� /��# "�� �%$ %��!�
,!���� ���* %�# �!� �$ "��!"�)��%/"&�-� ��)"!%4"�. �)�"��� ��"&� �� "��")� �%� �&�
��)��"
�!!�  ��%� ��* %�# %���# "� � �&� ��%�/3�� ��%�$ ��# "�� �%!)�,"�%� )0��# "�
"6 %&�%�$ �� � � �* �&�,���%�!!. ��!!�  ��")��� ���%�!&��%/")����E)"
�%&+ %�$ G�&� /"�
"!"/"��&�� -��# "�)"&%$ �0�,���% �!��!. ��# � &"��"!"4������ �,��  "&&�$ �&�-"")�
��)�4� ��/�"6 ��� ��)%&��%� ��%� ����)�%/,�� 4"/"��&��� ��# "�� �)%� �

�"B �"� . �1� 
2�,� * "��%�,����� ��# "�&. &�"/���)��# "�"-� �"�,!��"�)",� &%�%� ��
��%-� �/%�. 3�� # "&"���%�!&�,�� 4")��# "�4%�� %!%�. �� -��# "�( ���)"&%$ �0�
"!%/%���%�$ ��# "��"")��� �%/,!"/"���&� /"� � ��%�$ "� . �� ,�%� �&�%��
/���-� ���"3�
�
� # "�( ���* �&�)"!%4"�")�-� ��%�&��!!��%� ��!��"��# ���. "�����)�* �&�-%��!!. �
)"� �$ $ ")���)� � /,!"�")��  ",��� "��"&�%�$ �%��� " "/� "������3���
$ "�"��!�4%"* �� -��# "��"* �( �����)�� �%$ %��!!. � # �/� "�")�� � � �%&�&# � * ��%��

%$ ��"��3:3�
�
�"!!�,"�-� �/�� "�/"�&��"/"��&0�%�� � �5�� �%� ��* %�# �� � &"�4��%� �&���)�
/"�&��"/"���� -��# % + �"&&���)�/��"�%�!��� �
��%-� �/%�%"&�� ��,��"!�
,�� )� ")�� . ��# "�( ��0�%)"��%-%")�����/� "��� -�+ ". �/� )%-% ��%� �&��"B �%�")�
�� �%/,�� 4"�( ���,"�-� �/�� "3��� # "��"&�!�%�$ �$ �&�)"!%4"�. ���)�4� ��/�
"6 ��� ��&. &�"/�/� )%-% ��%� �&�* "�"�%/,!"/"��")�%��"��!. �
"� ����. ����;0�
 � /,!"�%�$ ��# "�� �%!)���)�� ,�%/%&��%� ��,# �&"�� -��# "�( ���* � �+ �� �%4%�. 3�
�
��� &"B �"��!. 0��# "�( ���/"���!!��# "�&," %-%")��"B �%�"/"��&���)0��&����"&�!��
� -��# "���� 5" ��&�&,"�&%� ����)�)"!%4"�. �)"!�. 0�* �&��!&� ��� !"��� �� "�"-%��
-�� /�����/� "��� -�&� -�* ��"�%/,�� 4"/"��&���)��# "�$ �"��"��,��  "&&�
"6 ,"�%"� "�)"4"!� ,")�� ���# "���/� )%-%")�� � � �%���# ����%/"3��  � �)%�$ !. 0�
��,%)�,�� $ �"&&�* �&�/�)"�%�� � //%&&%� �%�$ ��# "�&. &�"/3�
�� /��# %&�,� %���
� �0��# "�/�5� ���# ��&��� -��# "�* � �+ �%���# "�( ���* �&��� �)"�"�/%�"��# "�,��  "&&�
 � �)%�%� �&���)� � �-%$ ����%� ���"B �%�")��� �,�� 4%)"��# "�� �&%&�� -���-�!!�
,�� )� �%� ��-� %!%�. 0��# � �$ # ��# %&��!&� ��"&�!�")�%��-���# "��)"4"!� ,/"���� -�
�# "�( ���)"&%$ ���&��# "�/� �"�"6 � �%�$ ��"&�%�$ ��� � 4"�")�-���# "��
%/,�� 4"/"��&��# ��� � �!)�� "�/�)"3�
�
� # "� � //%&&%� �%�$ �* � �+ �"&��� !%&# ")��# "�-�!!�-�� �%� ��!%�. �� -��# "�� � � ���
( ��� � /� %���%� �0�%� !�)%�$ ��!!�&� -�* ��"���)�# ��)* ��"��,$ ��)"&�� -��# "�
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� � � ��"B �%�")��� ��  � ����-� ���# "�* %)"�����$ "�� -�,��  "&&"&��� �� "�
&�,,� ��")�%���# "�( ��3�� # "�( ���* �&��# "�"-� �"� �,�� !"�%��,�%� %,!"�� -�
)",� &%�%�$ �&%�$ !"� "!!�� �&")�,��"!��� ��# "�"&��� !%&# ")�����,��  "&&��" %,"&�
��)�* %�# ��# "�&�/"��"&�!�����,��"!�"--% %"� . 3����,�� �% "0��# "�"�* "�"�
&"4"��!�)"&%$ ���&," �&��# ���* "�"�"6 ," �")��� ��"")�� ,�%/%&��%� ���� �
� # %"4"��# %&�,"�-� �/�� "I��# "&"�* "�"9�
�
:23��)5�&�/"���� -�,��  "&&�$ �&�%�!"��)%&��%� ��%� �0��� �"�&��"����"4"��
,��  "&&�$ �&�&�,,!. ��� ��# "�%�)%4%)��!�,!��"�,� &%�%� �&3�
�23��)5�&�/"���� -��# "�4� ��/�"6 ��� ��)%&��%� ��%� ���� �� # %"4"0�%��
 � �5�� �%� ��* %�# �:20�����%-� �/�,��  "&&�$ �&�-!� * ���)�,�"&&��"�� 4"���# "�
,!��"�,� &%�%� �&3�
<23�J,�%/%&��%� ��� -�$ �&�-!� * �%�� � �5�� �%� ��* %�# �:���)����� � 4"0��� ��4� %)�
)",!"�%� ��"--" �&�1��)��"&�!�����B ��!%�. ���)��# % + �"&&��� �
��%-� �/%�. �� -�
)",� &%�")�/��"�%�!&23�
�2����!. &%&�� -�� ,"���%� ��� -���)�1%-��"B �%�")2�/� )%-% ��%� ���� ��# "�
%��� 4��%4"�� 
�,� * "�� � ��" �%� ��& # "/"��� �"�&��"��"!%�� !"0��� %&"�-�""�
,� * "��%�,����� ��# "�( ���,!��"� ���%"��"!" ��� )"&3�
;23�J,�%/%&��%� ��� -�� 
�,� * "��!"4"!&0�%�� � �5�� �%� ��* %�# �<��� � 4"0��� �
� # %"4"�����%-� �/0�# %$ # �B ��!%�. �/��"�%�!&�)",� &%�%� ��,��  "&&3�
�23�� &��� !%&# %�$ ��# "��# "�/�!�,�� -%!"�� -��# "� # �/� "��# "��"�&���)�&. &�"/�
E* �%�G��%/"&��� �� # %"4"��"B �%�")�,!��"�,��  "&&��"/,"�����"&3�
�23�J4"��!!�,��  "&&�4� ��/�� ,�%/%&��%� �0�,���% �!��!. �� -��# "��"* �# %$ # �
4� ��/�,�/,%�$ �&��$ "&0��� �/%�%/%&"��# "�%/,� ��� -�/��"�%�!&� �� &&�
 � ���/%���%� ����)��"&%)��!�4� ��/�%/,��%�%"&3�� # %&�* �&���,���% �!��!. �
 �%�% �!��&," �0��&��# "�( ���4� !�/"���)�L�* # "��-�!!. �!� �)")�L�/��"�%�!&�
&��-� "���"��* �&�/��. ��%/"&�$ �"��"���# ����# ���� -�,�%� ������&. &�"/&3�
�
����))%�%� �0��# "��"")��� �,��  "&&�&/�!!"��,!��"�&%D "&��# ����# � &"�%��"�)")�
-� ��"4"����!�,�� )� �%� ��� . ��# "�( ��0�%��� �)"���� ��!!� * ��&"�� -�"6 %&�%�$ �����
,���"��%�$ ���)�/"��!!%&��%� ��-� %!%�%"&0��"B �%�")��))%�%� ��!���%�!&��� �
 � �-%�/��# "�"B �%4�!"� "�� -��&%�$ �&"4"��!�&/�!!"��,!��"&��� ��   �,. ��# "�
,� &%�%� ��%��"�)")�-� ����&%�$ !"�!��$ "��,!��"3��3"3�%��* �&�%/,� �������� �
"&��� !%&# ��# ����# "�� � ��)��%"&�1��)�&/�!!�%��"�
,!��"�$ �,&2�� -��# "�&/�!!"��
,!��"&�)%)��� ��%���� )� "�&%$ �%-% ����� 
�,� * "�0�$ �&�-!� * �� ���"/,"�����"�
�� �
��%-� �/%�. 3�
�
� &&"��%�!!. ��# "�"�* "�"�-� ���O&��$ "&O��� ��# "�* � �+ �,"�-� �/")�� ���# "��"4%&")�
( ���� � � �&. &�"/0��# � �$ # �%��,�� �% "��# "�"�* �&�&�� &����%�!�� 4"�!�,�� ��
"� # �L���)�� ���   �&%� ���","�%�%� ��� -�"��!%"��&��$ "&�L��&��# "�&. &�"/�
 � �-%$ ����%� ����)�,��  "&&"&�* "�"�)"4"!� ,")��� �,�� )� "��# "�-%��!��� �
,��"!&3�� # "�-� ���&��$ "&�* "�"9�
:3�� "�"�/%�"� � �-%$ ����%� ����,��  "&&� � �)%�%� �&��� �� # %"4"�4%&��!!. �
��%-� �/�)",� &%�%� �3�
�3�� "�"�/%�"�,��  "&&� � �)%�%� �&��� �,�� )� "�$ � � )�B ��!%�. ��
�%�!�. "�&�1�0��0�
	 2�
<3���� )� "���)�� ,�%/%&"� � �)%�%� �&��� �� # %"4"�$ � � )�,"�-� �/�� "�&%�$ !"�
5�� �%� ��&� !����� �,��"!&3�
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�3���� )� "���)�� ,�%/%&"� � �)%�%� �&��� �� # %"4"�$ � � )�,"�-� �/�� "�)��!�
5�� �%� ��&� !����� �,��"!&3�
�
�� �-%$ ����%� �� # ��$ "&�* "�"�!%/%�")��� �/%�� ��"�$ %�""�%�$ � # ��$ "0�"3$ 3�
�))%�%� ��� -�$ �&�-!� * ���)�4� ��/�"6 ��� ��� �--!"&��� �"4"��� ���,�" ��&� ��
$ �&�)%&��%� ��%� �0��"4%&%� ��� -�� 
�$ �� ��)%�$ ��� �%/,�� 4"�,� * "�� � �,!%�$ ��� �
� 
�,!��"&3����  "&&� # ��$ "&�-�  �&&")�%�%�%�!!. �� ���# "�,�%/��. � � �)%�%� �&�
� -�$ �&�-!� * 0�,��  "&&�,�"&&��"���)��"/,"�����"0���)�� 
�,� * "�3�
� ��&��$ "&�
<���)��0�,��  "&&�/� )%-% ��%� �&�* "�"�,�%/��%!. �!�. "��)",� &%�%� ���%/"���)�
� 
�,� * "�0�&�,,!"/"��")�� . �!%/%�")�* � �+ �� ��%��"�!�. "���&," �&�L�"3$ 3��&"�
� -�# %$ # �4� ��/� !"����,0��))%�%� ��� -�4"�. ��# %��%��"�!�. "�&3�� # "&"��&," �&�
� -��# "�* � �+ ���"� � �&%)"�")�/� �"�-�!!. �%���# "�!��"��� "&�!�&���)�
� %& �&&%� �&�&" �%� �&3�
�
? � �+ ��"�-� �/")�L���"-"��")��"!!���)�7 ��"�%�!�J,�%� �&�
��%�%�!!. 0�!%�"�����"��"4%"* �&�,,!"/"��")�� . �)%& �&&%� �&�* %�# %���# "��
�%�
&� !��� "!!� � //��%�. �,�� 4%)")��# "�/�5� ��%�,����� ��# %&�� �%4%�. 3�
�
������"��!. �&��$ "�%���# "�* � �+ �%��* �&��,,��"����# ��0�)"&,%�"�&%$ �%-% ����
� P � ��",� ��&�� -�/�!�%,!"�5�� �%� ����)�/�!�%
/��"�%�!�&��� ���"&�� # %"4%�$ �
# %$ # "��&��� %!%D ")�&� !��� � �4"�&%� ��"--% %"� %"&��# ���&���)��)��
�%�� �&")�
&%�$ !"�5�� �%� ��&��� ���"&0��# "� � &�
� "�"-%��* # "�� � �&%)"�")�&� !"!. �%���# "�
 � ��"6 ��� -��# "�)",� &%�%� ��,��  "&&�* �&�/��$ %��!����� "&�3�� # "�"&&"��%�!�
 � �&%)"���%� �&�* "�"9�
�
:3���)��!�5�� �%� ��&��� ���"��!!� * ")��# "��&"�� -��# %��"����!�. "�&�%���# "� "!!0�
�")� %�$ ��# "�%/,� ��� -�!%$ # ��%�)� ")����"� !"�
? �� �&+ %�1�
? 2�)"$ ��)��%� ��
� -��# "�/��"�%�!�"!" ��� �% �B ��!%�. �L�%3"3���/� �"�&��� !"� "!!�* �&�,� &&%� !"3�
�3���)��!�5�� �%� �� "!!��!&� ��!!� * ")��# "��&"�� -��!�"����"�� ��)$ �,��
/��"�%�!&0�"3$ 3��
�%9��-� ���# "�-�� ��� "!!0��� �� ,�%/%D "�!%$ # ���� &� �,�%� ��%���# "�
�* � �&�� + ")� "!!&���)0�%��,�%� %,!"�)"!%4"����/� �"�"--% %"���&� !��� "!!3�
<3�����%,!"�5�� �%� �� "!!�* �&�-"�&%� !"0��&%�$ ������ * �� ��)$ �,��
�%9A "��� �
-���# "��%� �"�&"�"--% %"� . ���)0�,� �"��%�!!. 0�&��� %!%�. 3�
�3�� � # ��))%�%� ��!�5�� �%� ���"B �%�")�&�� &����%�!�%� �"�&"&�%��,��  "&&��%/"�
* %�# %����� �� # �&. &�"/��)�"��� ��# "��"")�-� ��!� �$ �%��"�
5�� �%� ��,�/,�� ���
�%/"&�� "�* ""�� "!!&��� �"!%/%���"�)"!"�"�%� �&� �� &&� � ���/%���%� ��� -�
)� ,����$ �&"&3�
;3�� # "��&"�� -�A "�/��"�$ �&��� �,�� )� "��
�%9A "�-� ������%,!"�5�� �%� �� "!!�
* � �!)��))%�%� ��!!. �$ �"��!. �%� �"�&"��# "� � &��� -� "!!�)",� &%�%� �3�
�3�� # "��
�%�&� !���,��"!� � //"� %�!� � //��%�. �* �&���)" %)")��&��� ��# "�
� "�"-%�&�� -�&%�$ !"�4"�&�&�)��!�5�� �%� ��1��)���%,!"�5�� �%� ��* �&�!%��!"�
�&")23�� # � &"�,�� )� %�$ �&%�$ !"�5�� �%� ��� �&")� "!!&�* "�"� � �&%)"�%�$ �1� ��
%���# "�,��  "&&�� -� # ��$ %�$ �� 4"���� 2�)��!�5�� �%� �0�* # %!&�����!"�&��� �"�
� �# "��)��!�5�� �%� ��/���-� ���"��* �&�&"�%� �&!. � � �&%)"�%�$ ��"4"��%�$ ��� �
&%�$ !"�5�� �%� ��%��� �)"���� �%/,�� 4"� � &�&���)�. %"!)3�

                                                 
7 Strictly this is a ‘mobility gap’ in a-Si based materials and is only analogous to the bandgap present in 
crystalline materials in terms of its effect. 
8 Or substantial additional capital equipment for in-line systems. 
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�� /���)",� &%�%� ��,��  "&&�,"�&," �%4"0�%���# "�"-� �"��,,"��")��# ���)��!�
��)���%,!"�5�� �%� ���" # �� !� $ %"&�* � �!)�� �!. �� "��"�!!. �� "�"-% %�!�%-��# "�
%��"�)")�,�� )� ���"B �%�")�# %$ # "��"--% %"� . 0�"3$ 3�* # "�"��# "�"�/%$ # ��� "���
&,� "�� ��* "%$ # ��!%/%���%� �3�� # %&�* �&��� ���# "�/��+ "��&"$ /"����# ����# "�
��,� %�. �� "�
�"4"����� 5" ��* �&� � �&%)"�%�$ 3��  � �)%�$ !. 0���%,!"�5�� �%� ��
 "!!&�* "�"� !"��!. �%��,,�� ,�%��"�1"6  "&&%4"�,��  "&&��%/"���)� � &�20�* # %!&��
)��!�5�� �%� �� � �!)�� �!. �� "� � �&%)"�")�%-�,�� )� �%� �� � &�&� � �!)�� "�
 � �&���%�")��� ��"����# � &"�� -�&%�$ !"�5�� �%� �3�
�
> � * "4"�0�* %�# %���# "�-�!!���,� %�. �� "�
�"4"��,!����)"&%$ ���&&"&&/"���
1�",� ��")�"��!%"�20�)��!�5�� �%� ���" # �� !� $ . �* �&�&# � * ���� �. %"!)�
&�� &����%�!�� 4"��!!� �,%��!���)�,��  "&&� � &���")� �%� �&3�
� ���# %&��"�&� �0�
�# "�)��!�5�� �%� �� "!!�* �&�)"�"�/%�")��� �� "��# "��" # �� !� $ . �� -� # � % "�-� ��
�# "���,� %�. �� "�
�"4"��* � �+ 3�
�
> � * "4"�0�%-�)��!�5�� �%� ���" # �� !� $ . �* "�"��� �� "�%/,!"/"��")0��# "����
��/� "��� -��� "���%��%"&��"")")��� �� "��"&� !4")�
���)��# "��� %!%�. ��� �
&�  "")�* %�# %�� "���%�� � �&���%��&�,�� 4"�3�����))%�%� �0��# "�"�* "�"���!��$ "�
��/� "��� -�,� �"��%�!�/��"�%�!���)�)"��%!")� "!!�&��� ���"�%/,�� 4"/"��&�
�# ���# �)�� ""��%)"��%-%")��&�# �4%�$ �,� �"��%�!�-� ��%/,�� 4%�$ �&� !���,��"!�
,"�-� �/�� "���)�* # % # ��"B �%�")�,�� �% �!��"&�%�$ ��� �)"-%�"��# "%��4�!�"3���
,�� $ ��//"�� -�* � �+ �* �&��# "�"-� �"���)"���+ "��%���# "�1��/� )%-%")2�� � � �
�� ��))�"&&��# "&"�%&&�"&3�
�
? %�# %���# "�& � ,"���)��"&� �� "&�� -��# %&�,����� -��# "�,�� 5" �0�,���% �!��!. ��# "�
�"")��� �%��"$ ���"�* %�# �E)"
�%&+ %�$ G���%�!&�-� ���# "�( ��0�%��* �&��" � $ �%D ")�
�# ���� �!. ���&�� 
&"��� -��# "�%)"��%-%")�,� &&%� %!%�%"&� � �!)�� "��"�!%&�% �!!. �
�))�"&&")3�� # "�,�� $ ��//"�� -�* � �+ �* �&��# "�"-� �"�)"-%�")��� ��))�"&&��# "�
/� &�� �%�% �!��&," ��� -�)��!�5�� �%� ��,�� )� �%� ���&���,�%� �%�. 0�* %�# �
/��"�%�!���)� "!!�)"&%$ ��"!"/"��&��"&��% �")��� ��# � &"�/� &��!%+ "!. ��� �
%/,� ���# "�)��!�5�� �%� ��&��� ���"3��  � �)%�$ !. 0��# "�� � � ���%�!&�* � �+ �* �&�
,!���")��&�-� !!� * &9�
:3�� "�"�/%�"��# "�-"�&%� %!%�. �� -�,�� )� %�$ ���&%/,!"�)��!�5�� �%� �� "!!��&%�$ �
�# "������ �&"!%�"�,��  "&&"&0�%3"3�* %�# ��# "�&�/"�$ �&"&���)�!�. "��
 � /,� &%�%� �&3�@. �)"-%�%�%� �0��# %&�,�" !�)")��&%�$ ���* %)"�� ��)$ �,�
/��"�%�!�-� ���# "�-%�&��5�� �%� �3�
�3��-�&�  "&&-�!0�)"�"�/%�"�* # "�# "���# %&� ���� "�,�� )� ")�* %�# %���# "�<�
# � ���E����
��� ��)G��%/"��"B �%�")�-� ���"�!%&�% �,�� )� �%� ����)���� ���# "�
/� )%-% ��%� �&��# ���* %!!�� "��"B �%�")��� �,"�/%���# %&3�� �&��"��# ����# "&"�
/� )%-% ��%� �&���"�%� !�)")�%���# "�( ���-� ��!��"���"&�%�$ 3�
<3�� "�"�/%�"��# "�%/,� ��� ��)��!�5�� �%� �� "!!�,"�-� �/�� "�� -��&%�$ �
�))%�%� ��!��# %��%��"�!�. "�&0�%��"�-� %�!���"��/"��&�1"3$ 3�# . )�� $ "��,!�&/��
��"��/"��2���)�&," %�!%&��,�/,�$ �&�,��$ "�E !"����,G�,��  "&&"&�����# "�
 �%�% �!��
,�%��"�-� "�� "�* ""���# "��* � �5�� �%� �&3�
�3�� "�"�/%�"�* # "�# "���# "�,��  "&&"&� ���� "��)�,�")��� �)",� &%���
�%9��
� �&")�!�. "�&�-� ���&"�%���# "�)��!�5�� �%� �� "!!0�� � �# ��&�����!�"����"��� ��# "�
&���)��)�����E,�!�. "��* %�)� * G�/��"�%�!���)��� ��!!� * ��&"�� -���E��%!� �")G�
* %)"��� ��)$ �,�-%�&��5�� �%� ���� �%/,�� 4"� "!!�,"�-� �/�� "3�1	 � �"��# ����# "�
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&���)��)�����/��"�%�!&�,��  "&&"&�)� ��� ��,�� 4%)"��� �,�� %!%�. �-� ���# "�
�"B �%�")�* %)"��� ��)$ �,���)� ,")�!�. "�&32�
;3�� "�"�/%�"�* # "�# "���# "�,��  "&&"&� ���� "��)�,�")��� �,�� )� "������ * "��
� ��)$ �,����� �� ��/% ��  �. &��!!%�"�� �&")�/��"�%�!&�-� ���&"�%���# "�&" � �)�
5�� �%� ��1�� ��� &� �� �/� �"�� -��# "�!� �$ "��* �4"!"�$ �# �E�")G�!%$ # �23�
�3�@�&")�� ���# "��"&�!�&�� -��# "��� � 4"0�)"�"�/%�"��# "�� ,�%/�/�)��!�
5�� �%� ���# ��� ���� "��  � //� )��")�* %�# %���# "�<�# � ���,��  "&&����$ "����)�
������%�!&��� �� ,�%/%D "��# "�&��� ���"3�
�
�!!�� -��# "��� � 4"���%�!&�&"�&�:��� �;�* "�"� � /,!"�")�* %�# %���# "��4�%!�� !"�
�%/"-��/"�,�%� ���� �( ���)"!%4"�. �1���* # % # ��%/"��# "�� � � �� " �/"�
���4�%!�� !"23�� ��!�5�� �%� ��� ,�%/%&��%� ��1��%�!�&"���2�* �&�� �!. ��� !"��� �
,�� $ �"&&�&�--% %"��!. ��� �)"/� �&����"��# "�4%�� %!%�. �� -��# "��" # �� !� $ . �%���# "�
� � � 0�� ����# "�� "&��,��"!�,"�-� �/�� "��"&�!�&���"��� ��� "!%"4")��� �
�",�"&"����# "�-%��!�� ,�%/�/3�
�

�� /��# %&�,� %���� �0�,�� 5" ��* � �+ �-�  �&")�� ���# "�( ��0�%�%�%�!!. �%�&��!!��%� ��
��)�� �&"!%�"�,��  "&&�� ,�%/%&��%� �0�!��"��&� !��� "!!���)�,��"!�-�� �% ��%� �3�
� # "��%/�� -��# %&�* � �+ �* �&��� �,�� 4"��# "�( ����&���,�� )� �%� ���� � !��&%�$ �
�!�"�). �,�� 4"�� "!!�)"&%$ �&���)��  � �)%�$ !. ��� �-���# "�� "!!���)�/��"�%�!&�
� ,�%� �&�&��)%"&�* "�"�,"�-� �/")3�
�
? � �+ ��"�-� �/")�L��� !������"!���� )� �%� ��

� !!� * %�$ �� # %"4"/"���� -��# "�,�%/��. �,�� 5" ��$ � �!&�* %�# ��# "�( ��0�* � �+ �
 � ��%��")��� * ��)&�/""�%�$ ��# "�&��"� # ����$ "�&�)%& �&&")�"��!%"�3�� �"��� �
!%/%�")��%/"��4�%!�� !"0���)�%��4%"* �� -��# "��"&�!�&�� � ��%�")�"��!%"���&%�$ �
�# "���/� )%-%")�� � � ��� �%�4"&�%$ ��"��!�"����"�/��"�%�!&�1&""�!��"��� "&�!�&20�
* � �+ �* �&�!%/%�")��� ��# "�-� !!� * %�$ 9�
�

- ��� )� "���)�� ,�%/%&"� � �)%�%� �&��� �� # %"4"�$ � � )�,"�-� �/�� "�
&%�$ !"�5�� �%� ��&� !����� �,��"!&�� �&")�� ������&���)��)�,��  "&&3�

- ��� )� "���)�� ,�%/%&"� � �)%�%� �&��� �� # %"4"�$ � � )�,"�-� �/�� "�
)��!�5�� �%� ��&� !����� �,��"!&�� �&")�� ������&���)��)�,��  "&&3�

�
� # "� # ��$ "&��� ��# "�,�� 5" ���"&�!�%�$ �-�� /��# "�!%B �%)��%� ��� -����"�&� !���
"--" �%4"!. ��"/� 4")��# "�,� &&%� %!%�. �� -�-�� �% ��%�$ �-�!!�&%D "�,��"!&�-� ��
�"&�%�$ 0��&��# "�1�� �
,�� 5" �2�-� %!%�%"&�"6 ,��&%� ������# "�@�%)$ "�)�,!���0�
�&&�/")�%��,!���%�$ ��� �,�� 4%)"�E-�""�%&&�"G��"&� �� "&�-� ���# "�,�� 5" �0�)%)�
�� ���   ����&�,!���")3�
�
�� � ��%�$ "� . �,��  "&&%�$ �& # "/"�* �&�-� �/�!��")�%��8 ��"�����0�� ���%��
�# "�"4"��� � �!)��� ��� "�%/,!"/"��")�%��-�!!0��&�%��* �&�� �!. �!��"�%���# "�
,�� 5" ���# ����# "��"B �%�")�&%D ")�!�&"��,���"��%�$ �-� %!%�%"&�* "�"�%�&��!!")����
����@�%)$ "�)0���)��# "����% %,��")�!��$ "���"�� � ��"��* �&��"4"��� B �%�")3�
� # �&��# "��� �,��"!�� �%4%�. �# �)��� �/�+ "��&"�� -�/�!�%,!"�O&���)��)�����
,�� )� �%� �O�* %)�# �1<< /2�,��"!&� ����� ��� /�!"�$ �# �%��,!� "�� -�%�)%4%)��!�
:�;6 �� /���,� %�. �� "�
�"4"��,!��"&0�* %�# �,�"���)�,� &��,��  "&&%�$ �
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/���$ ")��&�� "&��,� &&%� !"�* %�# %���# "�����-�� �% ��%� ��!%�"�* # "���%/"�* �&�
�4�%!�� !"��� ��  � //� )��"��# "�&," %�!� # ��$ "&��"B �%�")3�
�
� # %&�& # "/"�,�� 4")�� ,"���%� ��!!. �)%--% �!����)��"&�!�")�%��&%$ �%-% ����
��%�!&�-�%!��"&3�����))%�%� �0��  "&&��� �����!�&"��,���"��%�$ ���)�/"��!!%&��%� ��
,�� 4")�/� �"�)%--% �!���# ������% %,��")�)�"��� �# %$ # �,�� )� �%� ����%!%&��%� ��
���# %&��%/"3��&�&� # 0���/�5� �%�. �� -��# "� "!!��"&�%�$ �* �&�,"�-� �/")�� ��
&/�!!���"��)"4% "&�� -�: /����+ "��-�� /�-�!!�&%D "�1:�;6 �� /2�,!��"3�� # %&�
# �)�# �)��# "�� "�"-%��� -�,�� 4%)%�$ �%//")%��"�,� &��)",� &%�%� ��5�� �%� ��
�&&"&&/"���%�)","�)"���� -�� �# "��-�� �% ��%� ��"--" �&��# ���/%$ # ��
)"��%/"���!!. ��--" ��,"�-� �/�� "3�> � * "4"�0��# "�/� �"�!%/%�")�,��"!�
-�� �% ��%� ����)��&&"&&/"����# ���* �&� � �)� �")� � �-%�/")��# "�
"B �%4�!"� "�� -���� �/"�&��")�,"�-� �/�� "���)�-�!!�,��"!�,"�-� �/�� "3�
�
� # "�)"��%!�� -��# "�,��  "&&"&��&")���)�"�$ %�""�%�$ � # ��$ "&��"B �%�")��� �
-%�"����"��# "�( ���� � � ��� �,�� )� "�$ � � )�B ��!%�. ��� �,��"!���"�# %$ # !. �
 � �-%)"��%�!���)���"��# "�"-� �"�� �!. ��",� ��")�%��$ "�"��!��"�/&�%���# "�
� "&�!�&���)�� %& �&&%� �&�&" �%� �&3�
�
? � �+ ��"�-� �/")�? � �+ ��"�-� �/")�? � �+ ��"�-� �/")�? � �+ ��"�-� �/")�LLLL�� �%4%�. �)2�� "����� ��� ��� ",� &%�%� ��� �%4%�. �)2�� "����� ��� ��� ",� &%�%� ��� �%4%�. �)2�� "����� ��� ��� ",� &%�%� ��� �%4%�. �)2�� "����� ��� ��� ",� &%�%� �����
�
� # "�* � �+ �-� ���# %&��� ,% �"&&"��%�!!. �/�%�!. � � /,�%&")��* � �%��"�)","�)"���
&��)%"&3�� # "�-%�&��* �&��# "�"6 ,"�%/"���!���%�!&�� -��# "�/� &��,�� /%&%�$ ���)�
/� &���"�)%!. �� # %"4�� !"�E!� * 
�%&+ G�L�%3"3�,�� )� �%� ��,�� 4"��L��"��� � ��� ��
/��"�%�!�& # "/"&3�� # "�&" � �)�&��). �* �&����"4%"* �� -��"!"4���� � ��%�$ �
�" # �� !� $ %"&0�&����%�$ �* %�# �&"!" �%� ��� -��# "�/� &��,�� /%&%�$ � ��)%)��"&�
-� ��%� !�&%� ��%���# "�� 4"��!!���,� %�. �� "�
�"4"��,��  "&&��"4%"* ���)0��-�"��
 � /,!"�%� ��� -��# "��"��� � ��� ����%�!&0��&&"&&/"���� -��# "&"� ��)%)��"&���)�
&"!" �%� ��� -��# "�� ,�%/�/�&� !��%� �3�
�
����))%�%� ��!�/%�� ��&��). �* �&��!&� ��))�"&&")�� . ��# "�* � �+ 3����* �&� !"���
"��!. �%���# "�* � �+ ��# ����# "�&,���"��)",� &%�%� ��,��  "&&�* �&�& � �%�$ �/� �"�
# %$ # !. �� 4"��"4�,� ���%4"�,��  "&&"&�� ���# "�� �&%&�� -��&&�/")0����# "���# ���
,�� 4"�0�,"�-� �/�� "�-� �� �&3����* �&��# "�"-� �"�)" %)")��� ���)"���+ "�&� /"�
!%/%�")���%�!&�* � �+ ��� �"�&��"��# ����# "&"��&&�/,�%� �&�* "�"�* "!!�-� ��)")0�
�# �� �$ # ���&# � ���� "����� ��� �����  "&&�� �%�!&�&��). 3�
�

� �� !��%�. 0��# "&"��� ,% &���"��",� ��")�&",����"!. �� "!� * 3�
�
? � �+ ��"�-� �/")�
�� "����� ��� ��7 ��"�%�!&�� �%�!&�
� # "�,�%/��. �-�� �%� ��� -��# "��"��� � ��� ��1%����/� �� !%�# % �!!. �%��"$ ���")�
$ !�&&�,��"!�� �&")�/� )�!"2�%&��� �,�� 4%)"����� � �&�0�"--% %"�����)�"--" �%4"�
"!" ��% �!� � ��� ���� � � ��� ���# "� "!!�	 �!�. "��� -��# "� "!!0��� �%��"� � ��" ��
 "!!&�� . �/�+ %�$ � � ��� ���� ��# "���)"�!. %�$ �-�� ��� � ��� ��1�&��!!. ���� �J�L�
����&,��"��� � �)� �%�$ �� 6 %)"2�����"$ %� �&�* # "�"��# "��
�%�/��"�%�!�# �&�
� ""���"/� 4")���)��� �,�� 4%)"��� � ��" �%� ��,� %���-� ��"6 �"���!�* %�%�$ 3�� # "�
/��"�%�!�/�&��� "��� !"��� �� "��"�)%!. ���)� # "�,!. �)",� &%�")�%���# %��-%!/�
-� �/�� 4"��!��$ "���"��&�� &����"&0���)�/�&��,� &&"&&�$ � � )�&�",� � 4"��$ "�
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,�� ,"��%"&0�!� * �&��"&&���)�$ � � )�"�4%�� �/"���!�&��� %!%�. 3�� # "&"�
�"B �%�"/"��&���"��"�)%!. �/"��� . ���* %)"����$ "�� -�/"��!&0��!!�� -�* # % # �
# �4"�� ""��"6 �"�&%4"!. ��"&"�� # ")���)�)"4"!� ,")�-� ���# "�&"/% � �)� �� ��
%�)�&��. 3�
�
��&" � �)��. �-�� �%� ��%&��� ��"-!" ����. �!%$ # ���� ���� &� �� ")�%���# "�-%�&��,�&&�
�# �� �$ # ��# "� "!!�%��� �)"���� �,�� 4%)"���-���# "��� ,,� ����%�. �-� ���� &� �,�%� ��
��)�"!" ��% �!� ���%"��$ "�"���%� �3����%&��# %&��&," ��� ��* # % # ��# "�/�5� �%�. �� -�
�"&"�� # �%��� ��"��� � ��� ��/��"�%�!&�-� ���# %��-%!/�&� !����� �%&�-�  �&&")0���)�
�# "�&�� &����%�!�"6 �"���!��"&"�� # �"--� ��0�� � �# �� �)"/% ���)�%�)�&��%�!0�
# �&�. %"!)")�����/� "���� ��)%)��"�� ,�%� �&�-� ��-����"��&"3�
�
�!�/%�%�/�%&��# "�/� &��* %)"!. ��&")�/��"�%�!�-� ���# "��"��� � ��� ��%��
 ���"���$ "�"���%� ���# %��-%!/��
�%9> �� �&")�&� !��� "!!&���)�-� �/&��# "��&��!�
E� �&"!%�"G�-� ��%/,�� 4"/"���-� ���
�%�� �&")�&� !���� P � 3��!�/%�%�/�-�!!. �
/""�&��# "�,�%/��. �"!" ��% �!� � ��� ��-�� �%� ����)�,�� )� �%� ��
�"B �%�"/"��&0�"&," %�!!. ��# "��"")�-� ��!� * � � &����)�,!"��%-�!�&�,,!. 0���)�
# �&��)"B ���"��"-!" �%4%�. �-� ���# "�&" � �)��. �-�� �%� �3�����"���-�4� ��")�
�!�"����"�/��"�%�!&�&. &�"/&�%� !�)"��# "��&"�� -���&%!4"��-� ��%/,�� 4")�
�"-!" ��� "�1* %�# �� ��* %�# � ���-���# "��!�. "�&��� �%/,�� 4"�%��"�-� "�,�� ,"��%"&�
� ��!� * "���# "�,�� )� �%� �� � &�20���)�D %� �� 6 %)"�1N �J2��&���)%--�&%� ��� ���%"����
�"-!" �%� ��"�# �� "��3�J�# "��* � �+ "�&�# �4"�%�4"&�%$ ��")��# "��"6 ���%�$ �� -�
�# "��"��� � ��� ���&%�$ �N �J�&%!4"��%��� �)"���� �� ,�%/%&"��# "��"-!" �%4%�. ���)�
& ���"���� �� � ��%��� "&��,"�-� �/�� "3�
�
����!!� �&"&�%��/�&��� "�� � ��"�%��/%�)��# ���/� # �� -��# "�� P � �* � �+ �%&�
)%�" �")����$ "��%�$ ��# "�� "&��,� &&%� !"� "!!�"--% %"� . 0��� ���" "&&��%!. ��# "�
/� &�� � &��"--" �%4"� "!!3����4%"* �� -��# "�4��%��%� ��%���"&�!�&��",� ��")�� . �
&� /"�* � �+ "�&���)�� ���� * ��"6 ,"�%"� "&�* %�# ��# "�� ,�%/%&��%� ��� -�/�!�%

!�. "��/��"�%�!&�&. &�"/&�� ��� �"&&"��%�!!. ��"� �%4"�/��"�%�!&�1%3"3��# "��
�%9> �
&��-� "20�-%�&��# ��)�"6 ,"�%"� "�%&�"&&"��%�!�%��)"�"�/%�%�$ ��# "�� 4"��!!�
� �!�� "�� -�� "�"-%�&���)� � &�&3�
�
� # "�)"!�. �%���# "�,�� 5" ���"&�!�%�$ �-�� /��# "�!� &&�� -����"�&� !�������# "�"�)�� -�
�����# �)������,!���")�� "�"-%��%���# ����H( �# �)�� B �%�")��))%�%� ��!�
&,���"��)",� &%�%� ��-� %!%�%"&�%���# "�/"���%/"��# ��� � �!)�� "�/�)"�
�4�%!�� !"��� ��# "�,�� 5" �3�� # %&��!!� * ")��# "�& � ,"���)�/�$ �%��)"�� -��# "�
* � �+ ��� �� "�$ �"��!. �"6 �"�)")�-�� /��# "�%�%�%�!�,!��&3�
�
� # "���%�!&��))�"&&")��# "�-� !!� * %�$ �,�� 4"��/��"�%�!���)�,��  "&&�� ,�%� �&9�
:3�����)��)�"4�,� ���")��!�/%�%�/�1� �&"!%�"�,"�-� �/�� "�� -� ���"�������
 "!!&23�

                                                 
9 Most recently the use of LPCVD deposited ZnO (i.e. transparent) in conjunction with a white paint 
diffuser has been reported. However, the exact impact of this is uncertain from the report and the work 
is beyond the scope of the trials. However, this technology will be the subject of further investigation 
for the remainder of the project. 
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�3��,���"�")��!�/%�%�/�1� �&"!%�"���,� %�. �� "�
�"4"��,�� )� �%� ��
 # � % "23�
<3��%!4"��1�� ��"&��%/,� ��� -�%/,�� 4")��"-!" �%4%�. 2I��# %��&%!4"��* %�# �
�!�/%�%�/�� 4"�!�. "��%-�&�  "&&-�!�1/��"�%�!� � &���")� �%� ����%�!23�
�3�� # "��&"�� -��# %��� 6 %)"&�1"&," %�!!. �N �J2��&����%��"�/")%��"�!�. "��-� ���# "�
�� � 4"�&. &�"/&0�%��,���% �!����� �-� �/��# "�N �J
�!�/%�%�/�/�!�%
!�. "��
&. &�"/��# ���%&�* %)"!. ��&")�� . �� �# "��* � �+ "�&3�
�
� # "���%�!&�* "�"� � �)� �")�� ��&%�$ !"� "!!���)����)"/�1)��!�5�� �%� �2�
&��� ���"&0��# "�%/,� ��� ���# "�!���"��� "%�$ �� -�"&," %�!�%��"�"&��%��4%"* �� -�
�# "�)"&%��� %!%�. �� -�"�# �� %�$ ��# "��"��� "!!��� &� �,�%� ���&�/� # ��&�,� &&%� !"�
�� �,�� 4%)"�& � ,"�-� ��)��!�5�� �%� ���"
� ,�%/%&��%� �3��))%�%� ��!!. 0���4��%"�. �
� -��!�"����"�/��"�%�!&�* "�"��&")��� �# "!,�)"�"�/%�"��# "�)"$ �""��� �* # % # �
�# "��"-!" �%4%�. �,�� ,"��%"&�� -��# "�/��"�%�!�1�&��&&"&&")�-�� /�/"�&��"/"���
� -��# "�%�)%4%)��!��# %��-%!/�� ��$ !�&&2�* "�"��"!"4������ ��# "�%/,� ��� -��# "�
-%!/�* # "��)",� &%�")�� ��� ���)�,� �"��%�!!. ��!!� * ")��� ��"� ��* %�# ��# "��
�%�
 "!!3�
�
� # "�&,���"��&. &�"/��&")�* �&�� -��H( �,�� ,�%"���. �)"&%$ �0�"B �%,,")�* %�# ���
/�!�%,!"�&,���"�����$ "����)��"� �%4"�&,���"�%�$ � �,�� %!%�. 3�� # %&�,"�/%��")�
�# "�)",� &%�%� ��� -�/�!�%
!�. "���"��� � ��� �&�L�%� !�)%�$ �� 6 %)"�%��"�!�. "�&�L�
* %�# � ���� �"�+ %�$ �4� ��/3�
�
� 4�,� ���")��!�/%�%�/0��� �,�� 4%)"� � /,����%4"�)����* %�# ���%�!��"���
 � ��� �&0�* �&�,�� )� ")��&%�$ ����H( �"!" ��� ��� "�/�"4�,� ���� �3�� # "�
"B �%4�!"� "�� -� "!!&�,�� )� ")�* %�# �"4�,� ���")��"��� � ��� �&��������� . �
# � ��* %�"�-%!�/"�����)�����H( �� . �"!" ��� ��� "�/�"4�,� ���%� ��# �)�� ""��
 � �-%�/")�� . �* � �+ �%���# "�,�%� ����/� ��# &3�
�
� �%�!� "!!&�* "�"�,�� )� ")��&�E�/�!!���"��� "4% "&G0�&%�$ !"� "!!&�� -�: /��
��"�0�%��� �)"���� �"!%/%���"���. �)"��%/"���!�"--" �&�)�"��� �,� � ��
%��"� � ��" ��,��  "&&%�$ 3����* �&��  ",�")��# ���-���# "��* � �+ ��� � # " + �
%��"� � ��" �� �,�� %!%�. �� -��# "�/� &��,�� /%&%�$ �/�!�%
!�. "�� ��)%)��"&�
* � �!)�� "��"B �%�")I�%���# "�"4"��0��# %&�* �&��� ���" "&&��. 3�
�
? � �+ ��"�-� �/")�
��� ��%�$ �� " # �� !� $ . ��"!" �%� ��
� # %&�* � �+ �* �&�,�%/��%!. ���,�,"��"6 "� %&"0��"B �%�%�$ � ���"���!%�"�����"�
�"4%"* ��� �&�,,!"/"����# "�&�� &����%�!�"6 %&�%�$ �+ �� * !")$ "���)�"6 ,"�%"� "�
* %�# %���# "� � �&� ��%�/0� � /� %�")�* %�# ��� �%�% �!����!. &%&�� -��# "���,� %�. �
� "�
�"4"���"B �%�"/"��&3�
�
� # "�����,��  "&&��&")��# %�
-%!/��!�/%�%�/�)",� &%�")�� . �# � ��* %�"�-%!�/"���
"4�,� ���� �&0�,�� 4%)%�$ �����)"B ���"0�!� * � �,%��!� � &��&� !��%� ���� ��# "%��
,�� )� �%� ��,��"!��"B �%�"/"��&3�> � * "4"�0��# %&��" # �� !� $ . �# �)�� ""��
&��,�&&")�� . �# %$ # !. �)"4"!� ,")� � //"� %�!�%�
!%�"� � ��"�&��# ���,�� 4%)")�
� "��"��/��"�%�!�B ��!%�. ���)�&�",� � 4"��$ "0���)�* "�"� �,�� !"�� -�
,��  "&&%�$ ��# "�-���!��$ "��,��"!�&%D "&��"B �%�")�-� ���# "���,� %�. �� "�
�"4"��
,!����)"&%$ �3�
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���%�%�%�!��"4%"* �� -�&�%��� !"0�,�� 4"�� � //"� %�!�)",� &%�%� ���" # �� !� $ %"&�
%)"��%-%")��# "�-� !!� * %�$ �� �� �)��" # �� !� $ . �� ,�%� �&9�
:3��# . &% �!�� �,� ���� ",� &%�%� ��1�� � 2�� �&")��" # �� !� $ %"&0�%3"3�O-!�&# O�
"4�,� ���%� ����)�&,���"�%�$ �� -�/"��!&���)�����&,��"��� � �)� �� �&3�
�3�O� �""��,�%��%�$ O�� -��# % + �/"��!� � �)� �� �&�1%3"3�-�� /�&�%��� !"�,�" ��&� ��
O%�+ &O23�
<3��# "/% �!�� �,� ���� ",� &%�%� ��1�� � 2��" # �� !� $ . �-� ��D %� �� 6 %)"�
1����&,��"��� � �)� �� �2�� 4"�!�%��* %�# ���* # %�"�O� � + & ���"�O�/��"�%�!3�
�
� # "�!���"���" # �� !� $ . �# �)�� ""��� �!. ��" "��!. �)"4"!� ,")���)�# �)�
)"/� �&����")���,� �"��%�!�-� ��&%$ �%-% ����,"�-� �/�� "�$ �%�&�� 4"��
 � �4"��%� ��!�/"��!��"��� � ��� �&0�)�"��� ��# "�%/,�� 4")�& ���"�%�$ �� -�!%$ # �3�
� # "�)",� &%�%� ���" # �%B �"�* �&����� �� ")��&�O � //"� %�!!. ��4�%!�� !"O�
� �!. �%���# "�!�&����/� ��# &�� -��# "���� 5" ����)�%��* �&��� ��,� &&%� !"��� �$ �%��
�  "&&��� �&� # �,!������ �%�)","�)"��!. �"4�!���"��# "�/��"�%�!3�����))%�%� �0�
* "�* "�"��)4%&")�� . ��# � &"��"&"�� # %�$ ��# "��" # �� !� $ . ��# ����# "�"�* "�"�
�"/�%�%�$ �,��  "&&%�$ �%&&�"&��&&�  %��")�* %�# �� # %"4%�$ ��# "��"B �%�")�D %� �
� 6 %)"�!�. "���"6 ���"���)�,���"��%�$ 0���)�* %�# �* �&# %�$ ��� !"��%�$ ��# "�!�. "�3�
�  � �)%�$ !. 0��# "��" # �� !� $ . �* �&��� ��-���# "�� � �&%)"�")0��# � �$ # �%��* �&�
�" � //"�)")��# �����* �� # �� "�+ ",��� ���# %&��" # �%B �"�-� ���# "�-����"3�
�
� �""��,�%��%�$ ��" # �� !� $ . �* �&�)"4"!� ,%�$ ���,%)!. 0�,�%/��%!. �)�%4"��� . ���
)"&%�"�-� ��!� * ��"/,"�����"0�!� * � � &��,���"��")�/"��!!%&��%� ��� -�-!"6 %� !"�
1,!�&�% 2�/��"�%�!&�-� ��4��%� �&� � �&�/"��$ � � )&�/��+ "����)�4"�. �!��$ "�
��"��-!���& �""��)%&,!�. &3�����# "��%/"��# "�/��"�%�!&���)��" # �%B �"&�* "�"�
��,�� 4"��-� ���# "��"!%�� !"���)�!� �$ ��"�/�-� �/��%� ��� -��# "�%��%/��"�� # /% �
 � ��� ���"B �%�")��� ��# "�&"/% � �)� �� ��&%!% � ����)��# "��" # �%B �"�* �&�
�# "�"-� �"��&&"&&")��&�%��,,�� ,�%��"�-� �� � �&%)"���%� ���&�,����� -��# "�
��,� %�. �� "���"4"��,!����)"-%�%�%� �3�> � * "4"�0��&�� "-� �"0�%��* �&�
�" � //"�)")��# �����* �� # �� "�+ ",��� ���# %&��" # �%B �"�-� ���# "�-����"0�
"&," %�!!. �* %�# ��"$ ��)��� ��# "�,� &&%� %!%�. �� -��&%�$ �%���� ��))�� ���# "�"�)� "!!�
�# % + � � ��" �� ��&��%,&�,�%� ���� �"� �,&�!��%� �3�
�
���* �&����% %,��")��# ����# "��"��� � ��� ����%�!&�* � �!)�-�4� �����/�!�%
!�. "��
/��"�%�!&�&. &�"/0�%//")%��"!. �"!%/%���%�$ ��# "�� �� # �!� �)��,$ ��)"�� -��# "�
����&. &�"/&��&��� � ��"�)"�3��&��",� ��")�!��"�0��# %&�,�� 4")��� ���� �� "��# "�
 �&"���)��# "� � � !�&%� ��* �&��# ��0�����# %&��%/"0��# "��� �"--% %"� . �� "�"-%��� -�
 # ��$ %�$ ��# "�/��"�%�!&�&. &�"/��&")�-� ���# "��"��� � ��� ��* �&�
B �"&�%� ��� !"3��  � �)%�$ !. 0�)",� &%�%� ��&. &�"/�-%��!�&"!" �%� ��* �&�
�&&"&&")��&��"")%�$ ��� �� "�� �&")�� ���# "�,�� )� �%� ��� �&")� � �&%)"���%� �&�
� -��# �� �$ # ,��0� � &����)�. %"!)3�����))%�%� �0��# "�)"&%��� %!%�. ��� �"�&��"��# ���
�# "�&. &�"/�* �&�&�--% %"��!. �-!"6 %� !"��� ��!!� * �-� ��-����"�/��"�%�!&� # ��$ "�
��)�� ���# "��&"�� -�,�� 4"��/�!�%
!�. "���"��� � ��� ��& # "/"&�* �&���+ "��%��� �
�  � ���3�
�
� # �&��# "�,�� 5" ���"��� � ��� ���" # �� !� $ . �-%��!��"4%"* �,�%/��%!. �
 � �&%)"�")��# "� # � % "�� -��� � ��" # �%B �"&0�* %�# ��# "�)",� &%�%� ��� -�
�!�/%�%�/�L��# "�� �&% ��"��� � ��� ��/��"�%�!�L��&��# "�,�%� �%�. ��"B �%�"/"��3�
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@� �# �&,���"��)",� &%�%� ����)�"4�,� ���%� ���" # �%B �"&�* "�"�* "!!�,�� 4"��%��
�# %&��"$ ��)3�� # "�� �� � /"�� -��# %&��"4%"* �%&��",� ��")�%���# "�� "&�!�&�&" �%� �3�
�
? � �+ ��"�-� �/")�
�� "����� ��� �����  "&&�� �%�!&�
��
!%�"�&,���"��)",� &%�%� ���" # �� !� $ . �* �&�%)"��%-%")�����# "�&������ -��# "�
,�� 5" ���&��!&� �,� �"��%�!!. ��"&� !4%�$ �&� /"�,�� )� �%� ��%&&�"&�� �%$ %���%�$ �
-�� /��# "��&"�� -��# "�� �� # �O-!�&# �"4�,� ���%� �O�,��  "&&3����,���% �!��0��# "&"�
* "�"9�
- !%�"�� -�&%$ # �� � ��%�$ �!%/%���%� �&�
- !%/%�")� �,�� %!%�. ��� �/� )%-. �,��  "&&��� �� ,�%/%&"�)",� &%�")�/��"�%�!�

B ��!%�. �
- ,� �"��%�!�-� ��%��"�-� %�!� � ���/%���%� ��
- ,# . &% �!�&%D "��"B �%�"/"���1��)� � //"�&����"�,�/,�&. &�"/�

%� �"�&"2�
�
� # "�O!%�"�� -�&%$ # �O� � ��%�$ �,�� 4%)")�� . ��# "��6 %�!�-%!�/"���&� �� "�* �&��� ��
%)"�!�-� �� � ��%�$ ��# "�!�&"��,���"��")�&�",&�����# "��/� �,# � �&�&%!% � ����)�
-�� ��� � ��� ��& �%� "�!%�"&3�� ��!%"��%�4"&�%$ ��%� ��# �)�&# � * ���# ���&� /"�
,�� )� �%� ��. %"!)�!� &&� � �!)�� "��& �%� ")��� �� �"�+ &�%���# "��"��� � ��� ��
/"��!� � ��%��%�. �����# "�/� &��O&# �)� * ")O�& �%� "&�����# "�,��"!�")$ "&�1&""�
-%$ ��"�� 3:23�? # %!&��&�� &"B �"���,��  "&&�)"4"!� ,/"�����)�,��"!�!�. � ���
)"&%$ ��# �)�!��$ "!. �� 4"� � /"��# %&�,�� � !"/�-� ���# "� ���"���<< /�* %)"�
,�� )� �%� ��,��"!&0�%��* �&� !"����# ����# "��"* ��� /�* %)"���,� %�. �� "�

�"4"��,��"!&�* � �!)�� "�-���/� �"�,�� �"��� ��# %&�,�� � !"/:�3��,���"�� � ��%�$ �
* �&���,�� 4"���" # �� !� $ . �-� ��� # %"4%�$ �$ � � )� � �-� �/�!� � 4"��$ "��� �
� 4"� � /"��# %&�%&&�"0���)��# "�,!��"�-"")������$ "/"��&�* %�# %�����%�
!%�"�
��%��* � �!)��!&� ��%)�� # %"4%�$ ��# "��"B �%�")���%-� �/%�. ���)�&�",� � 4"��$ "3�
�
� # "�"4�,� ���%� ���" # �%B �"��!&� �,�� 4%)")�4"�. �!%/%�")�& � ,"��� ��)5�&��
,��  "&&�1* %�# %����$ %4"��$ "� /"��. 23�� # "�4� ��/�,�"&&��"�1�--" �%�$ �
%/,��%�. � � ��"��2���)��# "�"4�,� ���%� �����"�* "�"��!!��# ��� ���� "��"�)%!. �
 # ��$ ")0�%3"3�* %�# � ����!�"�%�$ �&. &�"/�� �%!)���)�$ "� /"��. 3���� � /,��%&� �0�
&,���"�%�$ �,��  "&&"&��!!� * ")�/� �"�& � ,"�-� ��O���%�$ O��# "�,��  "&&��� �
� # %"4"��# "�)"&%�")��"&�!�&�L�"3$ 3���%&%�$ �,��  "&&�,�"&&��"�1�� ��4� ��/�
,�"&&��"2��� �%���� )� "�/� �"�O& ���"�O�%��� ��# "�/��"�%�!����%4%�$ �����# "�
&�� &����"��� �%/,�� 4"�&�",� � 4"��$ "�� ���!�"��&��"&&�%���# "�-%!/3�
�
� # "��"/�%�%�$ �%&&�"&�* %�# ��# "�����O-!�&# �"4�,� ���%� �O�,��  "&&�* "�"�
,�%/��%!. ����"&�!��� -�����%�$ ��# "�"4�,� ���%4"�,��  "&&�%����O&%�$ !"�&# � �O�
� �� # �/� )"�L��" "&&%���")�� . ��# "��&"�� -��# "�# � ��-%!�/"����" # �%B �"3�
�!�"����"� � ��%��� �&�"4�,� ���%� ��&� �� "&�1"3$ 3�"!" ��� ��� "�/2�* � �!)�
�!!� * ��"�). �%� !�&%� ��� -�&# ���"�&�1�� ��4� %)�%��"�-� %�!� � ���/%���%� �2���)�
 � ��%��� �&��# �� �$ # ,��3�> � * "4"�0�����# %&�!"4"!0��# "�"4�,� ���%4"��" # �%B �"�
� " �/"�&%$ �%-% ���!. �/� �"� � &�!. 0� � /,���� !"��� ��# "�"B �%4�!"���&,���"��
&. &�"/0�* # %!&��� �%�$ %�$ ��� �"�� -��# "��)4����$ "&3�

                                                 
10 In principle, the evaporation chamber could be 'scaled up' to double current diameter to maintain the 
same 'line of sight' angles for the new panel. However, this would quadruple the chamber volume (not 
allowing for increase panel length) and accordingly significantly increase the capital and running costs. 
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� # "�)" %&%� ��* �&��# "�"-� �"���+ "��"��!. �%���# "�,�� 5" ���� �-�  �&�� ���# "�%�

!%�"�&,���"���" # �%B �"��&��# "�O� �&"!%�"O�-� ���# "���,� %�. �� "�
�"4"��,!���3�
? # %!&��,"� "%4")��&���!� * ��%&+ �)" %&%� �0��# %&�/��)��")�&� /"���%�!&��&���
-���# "���%&+ ��")� �%� ��"6 "� %&"3����,���% �!��0��# "�"6 ," �")�%/,�� 4"/"���
%���"��� � ��� ��/��"�%�!�B ��!%�. �1%3"3�)"�&%�. ���)�%��"���!�&��"&&0�
,� �"��%�!!. �%/,�� 4")�%��"�-� %�!��)# "&%� �2�* �&�"6 ," �")��� �%� �"�&"��# "�
)%--% �!�. �� -�!�&"��,���"��%�$ ��# "�/��"�%�!3�
�
J�%$ %��!�,!��&�# �)��&&�/")��# ������"�&� !���* � �!)�# �4"���!��$ "���"��
&,���"��)",� &%�%� ��&. &�"/��4�%!�� !"�-� ���# "�-%��!�. "���� -��# "�,�� 5" �I��# %&�
)%)��� ��# �,,"�3�> � * "4"�0��H( �* "�"��� !"��� �/�+ "��&"�� -����"* �
)"4"!� ,/"���&. &�"/�����# "%��,�"/%&"&��� �,�� 4%)"���&�%��� !. �&%D ")�O�"&��
4"# % !"O��� ��))�"&&��# "&"�&,���"�%�$ � � � "��&3��!�# � �$ # �/� �"��)4�� ")�
%���"�/&�� -� �,�� %!%�. ���)�)",� &%�")�/��"�%�!&�B ��!%�. ��# ��� � �4"��%� ��!�
&,���"�%�$ 0��# "��H( �&. &�"/�* �&�)""/")�&�%��� !"��&���O* � �&�� �&"O���%�!�L�
%3"3��# "��"��� � ��� ��-%!/&�)",� &%�")�* � �!)�# �4"�� "��"���)# "&%� �0�!� * "��
&��"&&���)�� "�/� �"�)"�&%-%")��# ��� � �4"��%� ��!!. �&,���"�")�"B �%4�!"��&�
��)��# "�"-� �"�/� �"�)%--% �!���� �,��  "&&3�� # "��"B �%�")�!�&"��,���"��%�$ �
* �&�,"�-� �/")���������&%�$ �� � �# ��# "�� !)"��@�( �!�&"��&. &�"/&���)��"* !. �
� B �%�")0�# %$ # "���  ��� . � ���"���,�� )� �%� ��&. &�"/&3�
�
? � �+ ��"�-� �/")�? � �+ ��"�-� �/")�? � �+ ��"�-� �/")�? � �+ ��"�-� �/")�LLLL�� �%4%�. �"2��"!!��&� !��%� ��� �%4%�. �"2��"!!��&� !��%� ��� �%4%�. �"2��"!!��&� !��%� ��� �%4%�. �"2��"!!��&� !��%� �����
�
? � �+ �� ���# %&��� ,% �* �&�!%/%�")��� �!�&"��,���"��%�$ ���)�%��"� � ��" �%� ��� -�
�# "�!�. "�&3�� # "��� %!%�. ��� ���,%)!. ���)��  ����"!. �!�&"��,���"����# "��# �""�
�# %��-%!/�!�. "�&�/�+ %�$ ��,��# "�&� !��� "!!�&��� ���"�* �&��� �%�% �!�-� �� ��%��
&�  "&&-�!!. �� # %"4%�$ ��# "�,"�-� �/�� "���)� � &��� �!�� "��"B �%�")�� . ��# "�
��,� %�. �� "�
�"4"��,!����)"&%$ �3�� # � �$ # ��# "��"B �%�")�!�&"���� � !&�* "�"�
"6 ,"�&%4"��� �� B �%�"���)�/�%���%�0��# ". �* "�"���-���/� �"� � &��"--" �%4"�
�" # �%B �"��# �����. ��!�"����"�,���"��%�$ �& # "/"&��&")�%��,�� )� �%� �0�
"&," %�!!. �-� ��4"�. �!��$ "�,��"!&3�
�
� # "�!�&"���" # �%B �"&��"B �%�")��� �,��  "&&��# "��
�%���)��. ,% �!� � ��� �&�
!�. "�&�* "�"0�%���# "�/�%�0�* "!!�"&��� !%&# ")3�����)��)�!�&"��,��  "&&%�$ �
�� � !&�-� ���
�%�&� !���,��"!&�� ��$ !�&&�&�� &����"&��&")�%�-��
�")�&� !%)
&���"�
!�&"�&�-� ���# "�-�� ��� � ��� ��1� �J�-%!/2�%�&�!��%� ��& �%� "���)�$ �""��&� !%)

&���"�!�&"�&�-� ���# "��
�%�%��"� � ��" ��& �%� "3�� # "�-%��!��"��� � ��� ��1�# %��
/"��!�-%!/2�& �%� "� � �!)��!&� �� "�,"�-� �/")�* %�# ��# "�$ �""��!�&"�3�( �&"��
& �%� %�$ ��!!��# �""�!%�"&�# �)��# "��)4����$ "&�� -� !� &"��!%�"�&,� %�$ �1!"�)%�$ �
�� �%/,�� 4")�&� !���,��"!�"--% %"� . 2���)�!� * "��,�� )� �%� �� � &�&�%����
 � ��" �!. �� ,�%/%&")�&. &�"/3����&# � �!)�� "��� �")��# �������# "�&������ -��# "�
,�� 5" �����"�&� !���# �)��� �"6 ,"�%"� "�� -�!�&"��& �%� %�$ ��# "��"��� � ��� ����)�
�# ���,�� 4%�$ ���%�!&�� -��# %&��&," ��� -�,�� )� �%� ��* "�"��� �%�% �!�%�%�%�!�
"!"/"���� -��# "�* � �+ 3�
�
��%�%�!�* � �+ �,�� )� ")��# "��"B �%�")�&," %-% ��%� �&�-� ��� � �# ��# "�!�&"��
,��  "&&���)�( �&"���. &�"/3�@�%"-!. 0��# "�!�&"��� ,"���%� �&�* "�"�&," %-%")�
�&9�
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� �%� "�:9� � �&%&�")�� -�!�&"��& �%� %�$ �* %�# ����%�-���")�!�&"���# "�� �J�
%�&�!��%� ��!%�"&�� -��# "�&� !��� "!!0���)��# "� � /,!"�"��"/� 4�!�� -��# "�� �J�%��
��� ��)&�����# "�&# � ���&%)"&�� -�"� # �,��"!3�
� �%� "��9� � �&%&�")�� -��# "�!�&"��,��  "&&%�$ �1* %�# ���$ �""��!�&"�2�� -�
%��"� � ��" ��# � !"&�%���# "��
�%�!�. "�3�
� �%� "�<9� � �&%&�")�� -��# "�& �%� %�$ �� -�%&� !��%� ��!%�"&�%���# "��� ,�/"��!�!�. "�0�
* %�# ��# "�&�/"�$ �""��!�&"�3�
� �%� "��9� � �&%&�")�� -���-%��!�%&� !��%� ��& �%� "�� -���//�* %)"���� ��)��!!�
-� ���")$ "&�� -��# "�,��"!0��"/� 4%�$ ��!!�� �J0�&%!% � ����)�/"��!3�� # %&�* �&�
)� �"�* %�# ��# "�:�����/�* �4"!"�$ �# �!�&"�3�
�

%$ ��"�� 3:�&# � * &����. ,% �!� �� &&
&" �%� ���# �� �$ # ���&���)��)�$ !�&&�� �&")�
,��"!��"&�!�%�$ �-�� /��# %&�& # "/"�%��� �)"���� �"!� %)��"��# "�/� �� !%�# % �
%��"$ ���%� ��� # %"4")�� . ��# "�&"B �"� "3�
�
����))%�%� �0���%�!&�* "�"�&," %-%")�-� ���!�"����"�,���"��%�$ ���)�%��"� � ��" ��
� ,�%� �&��# ���# �)��# "�,� �"��%�!��� ��")� "�� � �# � �,%��!���)�,��  "&&� � &�&3�
� # "&"�* "�"��� �,�� 4%)"��# "�� �&%&�-� ��-����"�,!����)"4"!� ,/"���1%3"3��� ���# "�
%�%�%�!�)"&%$ �2���)���"��  � �)%�$ !. ��� ���",� ��")�%��)"��%!3�
�
����# "�-%�&��. "���� -��# "�� �%4%�. 0�!�&"��,��  "&&��"&�&�* "�"� � �)� �")�� ���# "�
4��%� �&�-%!/&��� �"�&��"�-�!!���)"�&���)%�$ �� -��# "�� ,�%/�/�,��  "&&�
 � �)%�%� �&�%���"�/&�� -�!�&"��* �4"!"�$ �# 0�&,� ��&%D "0�-!�"� "0�,�!&"�
�","�%�%� �����"0�,�!&"�!"�$ �# ���)�&%)"�� -�� "�/�%� %)"� "3��� # "&"��"&�!�&�
 � �-%�/")��# �������� �!�&"��* �&�� ,�%/�/�-� ��& �%� %�$ ��# "�� �J�1& �%� "�:2�
��)�)"!"�%� ��� -��# "�-�!!�-%!/�&�� + �1& �%� "��2�* %�# ��# "�� "�/�%� %)"���-�� /�
�# "� � ��")�&%)"�� -��# "�,��"!0�* # "�"�&���$ �""��!�&"��* �&�,�"-"��� !"�-� ���

�%���)�/"��!�& �%� %�$ �* %�# ��# "�� "�/�%� %)"���� ���# "�-%!/��# �� �$ # ��# "�
$ !�&&�1& �%� "&�����)�<23����  "&&�,���/"�"�&�* "�"�"&��� !%&# ")���)�,�� 4"��
�# ���/"��� ��"6  "")")��!!��# "�!�&"��,���"��%�$ �$ � �!&0��# �&��"/�%�%�$ �* � �+ �
* �&��� !"��� �-�  �&�&� !"!. �� ���# "�)"&%$ ��%&&�"&�� -�,!��"�# ��)!%�$ 0�
�# �� �$ # ,�����)��� � !� � &�3�
�
��%�%�!�)"&%$ ��&��)%"&��� �/""���# "�,�� 5" ��J��!%�"�( �&"��� "B �%�"/"��&�-� ��
�# "�!�&"���� � !�!")��� ���)"&%$ ��� �&")�� ��4"��% �!!. �� �%"����")�,��"!&��&%�$ �
�)4�� ")��"* ��" # �� !� $ %"&�� -�& ���"�&0��,"����"�,�� 5" �%� ����)�-!� ��%�$ �
� ,�% &�# "�)&3���,�� �� �. ,"�# ��)!%�$ �5%$ �* �&� � �&��� �")��� �,�� 4"��# "�
)"&%$ ����)0�-� !!� * %�$ �)"&%$ ��)"4"!� ,/"��0���%�!&�&# � * ")��# "�)"&%$ ���� �
� "�&� ��)���)�"--" �%4"0�-�!!. �/""�%�$ ��# "�,�� 5" ��� � 5" �%4"&3�
�
J�%$ %��!�,!���%�$ �-� ���# "�,�� 5" �����% %,��")����"")�-� ����)"&%$ ��%�"���%� ��
-� !!� * %�$ �%�%�%�!�!�&"���� � !�,�� �� �. ,"�,�� )� �%� ����)��"&�%�$ 3��> � * "4"�0��&�
���"&�!��� -��# "�� �"�. "���,�� 5" ��&�&,"�&%� �0�� 6 %�" # �# �)�%�)","�)"��!. �
)"4"!� ,")���)�,�� 4"��&� /"�� -��# "�)"&%$ ��"!"/"��&��"B �%�")�� . ��# "�
��,� %�. �� "�
�"4"���� � !�-� ��� �# "���,,!% ��%� �&0�,�%/��%!. ��# "��# %��-%!/�
)%&,!�. �%�)�&��. 3�� # �&��# "�%�%�%�!!. �)"&%$ �")���)�-�� �% ��")�,�� �� �. ,"�
&. &�"/�,�� 4")��� �� "�-�!!. �"--" �%4"�%��,�� �% "0��"B �%�%�$ ��� �-���# "��
)"&%$ ��%�"���%� �3�
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> � * "4"�0��!�# � �$ # ��" # �% �!!. �&�  "&&-�!0�%��* �&�-"!��%��� 6 %�" # ��# �����
!� * "�� � /,!"6 %�. ���)�# "� "�!� * "�� � &��&� !��%� �� � �!)�� "�� # %"4")�%-��# "�
J��!%�"�( �&"��� "B �%�"/"��&�* "�"��"!�6 ")��� ��!!� * �# � �%D � ���!�,��  "&&%�$ �
� -��# "�&� !���,!��"&3��
� !!� * %�$ ��"4%"* �� -��# "�%/,!% ��%� �&�� -��# %&0�%��* �&�
�$ �"")��# ����# %&�&# � �!)�� "��))�"&&")��&��# "�� "&%$ ����"���%� ����&+ 3����"* �
)"&%$ ��&��). �* �&��# "�"-� �"���)"���+ "���� �&%/,!%-. ��# "��� � !��� # %�" ���"�
��)��")� "� � &�3�
�
�� � &�����!. &%&�� -��# "�-%�&��)"&%$ ��&# � * ")��# ����# "�# %$ # � � &��%�"/&�%���# "�
"��!%"��)"&%$ ��* "�"�/� &�!. ��&&�  %��")�* %�# ��# "�/" # ��%&/&��&")��� �# � !)�
��)�����&,� ����# "�,!��"&�4"��% �!!. 3��> "� "��# "��"* �)"&%$ �� � � "�����")�
� �� �"��%�$ ����� � !�* %�# �# � �%D � ���!�&# ""���� # %�" ���"�* %�# �/� # �&%/,!"��
&# ""��# ��)%�$ �/" # ��%&/&3�
�
�&�� "-� �"0���%�!&�� -��# "��"* �&. &�"/�# �4"�)"/� �&����")��# ��0�* %�# ��# "�
�!!� * ")�"6  ",�%� ��� -�4"��% �!�,��  "&&%�$ 0��# "�&" � �)�)"&%$ ��%�"���%� ��
-�!!. �/""�&��# "���,� %�. �� "�
�"4"��,�� 5" ���"B �%�"/"��&�-� ���# "��"!!�
�&� !��%� ���� � !3�
�
� # �&��# "�* � �+ ���)"���# %&�� �%4%�. �* �&� � � !�)")�* %�# ��* � �,�� 4"��
� ,�%� �&�-� ��� # %"4%�$ ��"!!��&� !��%� �3�� # "�%/,� ��� -��# %&�� ���# "�� 4"��!!�
��,� %�. �� "�
�"4"��,!����)"&%$ ��%&� � �&%)"�")�%��!��"��&" �%� �&3�
�
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�3�� � �� ( � ��3�� � �� ( � ��3�� � �� ( � ��3�� � �� ( � �����
�
J4"��!!0��# "�,�� 5" ��# �&�)"!%4"�")��!!��# "��"B �%�")��"&�!�&��� �/""���# "�
,�� 5" ��� � 5" �%4"&3�� # "�)"&%$ �")�,!�����&"&�"%�# "��* "!!�"&��� !%&# ")�
�" # �� !� $ %"&���)�,��  "&&"&�� �0�%���# "� �&"�� -��# "�&"/% � �)� �� ��
)",� &%�%� ����)�!�&"��,���"��%�$ �&. &�"/&0��&"&��"* �)"&%$ �&��# ���# �4"�
� ""��)"4"!� ,")���)�&��%&-� �� �%!. �,�� 4"��%���# %&�,�� 5" �3�
�
� # "�-� !!� * %�$ �&" �%� ���",� ��&��# "��"&�!�&�� # %"4")�-� ��"� # �� �%4%�. 3���
&%$ �%-% ����,�� ,� ��%� ��� -��# "��"&�!�&�# �4"�� ""��&%/,!%-%")�%���# "�-� !!� * %�$ �
�� �,�� �" ���# "�,�� 5" ����3�
�
� "&�!�&�� "&�!�&�� "&�!�&�� "&�!�&�LLLL�� �%4%�%"&��2�
��)�/"���!����)%"&���)�-2���%�%�!�� "&%$ �����).�� �%4%�%"&��2�
��)�/"���!����)%"&���)�-2���%�%�!�� "&%$ �����).�� �%4%�%"&��2�
��)�/"���!����)%"&���)�-2���%�%�!�� "&%$ �����).�� �%4%�%"&��2�
��)�/"���!����)%"&���)�-2���%�%�!�� "&%$ �����). ����
�
� # "��� � "!!���)�&�,,� ��%�$ �,�� )� �%� ���"B �%�"/"��&�&��)%"&��"&�!�")�%��
�# "�)"-%�%�%� ��� -���E� �&"!%�"G���,� %�. �� "���"4"��,!����&�%�")��� ��# "�
,�� )� �%� ��� -��# "�/� &��,�� &," �%4"� "!!�&��� ���"���)�/��"�%�!&�� ,�%� �&�
�# ���# �)�� ""��%)"��%-%")�-� ���# "�,�� 5" �3����� ��!%�"0��# "�,!����)"&%$ ��
�)� ,�")���/%6 ���"�� -�%�
!%�"�1%3"3�&"B �"��%�!�&%�$ !"�,��"!�,��  "&&%�$ 2���)�
� �� # �,��  "&&%�$ �&. &�"/&�L��# "�!���"��,�%/��%!. ��� �+ "",� �,%��!� � &�&�!� * �
-� ���# "�&"/% � �)� �� ��)",� &%�%� ��&. &�"/&3�� # %&�%&�&# � * ��& # "/��% �!!. �
%��
%$ ��"��3:3�
�
� # "�,!����� ��!%�"� � /,�%&")�����/� "��� -�!%�+ ")�,�� )� �%� ��&�� 
&. &�"/&0�
* %�# �,�� 4%&%� ��-� ������ /��% �!!. �/� 4%�$ ��# "�&�� &����"�,��"!�-�� /�� �"��� �
�# "��"6 ����)�* %�# ��,,�� ,�%��"�&�� ��$ "���)�,�� �" �%� ��� "�* ""��/� )�!"&3�
����/� "��� -�� ,�%� �&�* "�"��"��%�")�%���# "�,��  "&&�& # "/"0��� ��!!� * �-� ��
� � �# � # ��$ %�$ �,�� )� ���. ,"���)�-� ��� �# "��)" %&%� �&��� �� "�/�)"���)"��
�# %&�,�� 5" �0�%� !�)%�$ �,�� 4%�$ ��# "��" # �% �!�-"�&%� %!%�. �� -�&� /"�,��  "&&�
&�",&���)�&. &�"/&��� �� "�)"4"!� ,")3�
�
���* �&�,�� ,� &")��# ���,��"!�� "�/� 4")��# �� �$ # �,��  "&&�%����4"��% �!�
� �%"����%� �0��"&�%�$ �� ���# "�!� �$ "&��)%/"�&%� ��&%)"�-� ��"�&"�� -�# ��)!%�$ �
��)� � /,��%� %!%�. �* %�# ��# "�,�"-"��")��
�%�)",� &%�%� ����)�&,���"�� � ��%�$ �
&. &�"/&�� �%"����%� �3��&�)%& �&&")���)"��� �%4%�. �"20��# %&��"&�!�")�%��&� /"�
�))%�%� ��!� � /,!"6 %�. ���)� � &�&�-� ���# "�!�&"��,���"��%�$ �&. &�"/&���)0�
�  � �)%�$ !. 0�&� /"�����&!��%� ��� -�� �%"����%� ���� ��# "�# � �%D � ���!�%&�,�"&"���
%���# "�-%��!�)"&%$ ��1-� ��!�&"��,���"��%�$ ���)�%�%�%�!�$ !�&&� ���%�$ 23�
�
���$ "�"��!0�&"/% � �)� �� �� !"��� � �)%�%� �&�1%3"3� !�&&�:0����� ��� "��"�2�
* "�"��� ��"6 ," �")��� �� "��"B �%�")�)��%�$ �,��  "&&%�$ 0��# � �$ # ����� 4"��!!�
�"�&� ��� !"�!"4"!�� -� !"��!%�"&&�%���# "�,!����* �&� � �&%)"�")�)"&%��� !"3�
> � * "4"�0�&� /"�&�",&�* "�"�%)"��%-%")��&�,���% �!��!. �,�� �"��� �,� �"��%�!�
. %"!)�!� &&�)�"��� �)�&����)�)"� �%&���)0�%-�����!!�,� &&%� !"0� !"���1 !�&&�:0����
� ��� "��"�2�����&-"����)�# ��)!%�$ � � �)%�%� �&�* "�"��" � //"�)")�-� ���# "&"�
1%�)% ��")��&�E�!"������  "&&G�%��-%$ ��"��3:23�
�
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� # "�,��  "&&�&. &�"/&�* "�"�"6 ," �")��� �� "���/%6 �� -�E%�
!%�"G���%�&�L��# "�
!�&"��,���"��%�$ 0� !"��%�$ ���)�&,���"��)",� &%�%� ��&. &�"/&�L���)�E� �� # G��

�%�)",� &%�%� ��&. &�"/&�1��)��&&�  %��")�,�"
# "���� 4"�&0�,� &��)",� &%�%� ��
 � � !%�$ ���)�&�� ��$ "�/� )�!"&23��!��"�&�� ��$ "�,�%� ���� ���)�,� &���
�%�
)",� &%�%� ��* �&��# "�"-� �"��" "&&��. ��� �/�� # ��# "�%�
!%�"�&. &�"/&�
�# �� �$ # ,���1�# � �$ # �%��* �&� � �&%)"�")�,� &&%� !"��� ��&"��# "�,�"
# "�����)�
,� &�
 � � !�/� )�!"&�-� ���# %&23�� # "��&"�� -�E� �--"�G�&�� ��$ "����� �# "��+ ". �
����&-"��&�",&�� -��# "�,��  "&&��!&� ��"")")��� �� "� � �&%)"�")�%��� �)"���� �
�  � //� )��"��"/,� ���. �&# � ��
�"�/�# � !)
�,&�%���# "�%�
!%�"�&. &�"/&�1"3$ 3�
-� ��!�&"��&. &�"/��" �!%� ���%� ��� ���)5�&�/"���� ��* # %!&����&%�$ !"�&. &�"/�
* �&�� "%�$ �/�%���%�")23�
�
���* �&� � �&%)"�")�"&&"��%�!��# ��0�* # "�"4"��,� &&%� !"0����� /��")�
/"�&��"/"���&. &�"/&�� "�%� !�)")����+ ". �,� %��&�%���# "�,�� )� �%� ��-!� * 3�
� # "�,�� ,� &")�/%�%/�/��"B �%�"/"���%&�%�)% ��")�%��-%$ ��"��3:3����* �&�
���% %,��")��# ����# %&��"&�%�$ �* � �!)�� "�� ����E&�/,!%�$ G�� �&%&���)��� �

)"&��� �%4"�&� ��&��� ��!!� * ��"&�")�,��"!��� �� "��"����")��� ��# "�,�� )� �%� ��
-!� * 3����%)"�!�&. &�"/�* � �!)�� "�%��"$ ���")�%��� ��# "�,�� )� �%� ��!%�"I�
�"&�%�$ �* �&����% %,��")��� �� "�4"�. �-�&��%�� � /,��%&� ���� ��� �/�!�&�� 

&. &�"/��# �� �$ # ,�����)0�%��,�%� %,!"0� � �!)�� "��,,!%")��� ��!!�,!��"3�
�
���* �&��!&� � � �-%�/")��# ��0�%)"�!!. 0��!!�,!��"�* � �!)�� "�$ %4"����-%��!�
,"�-� �/�� "��"&������# "�"�)�� -�,�� )� �%� �0�� � �# ��� �,"�/%��,!��"�E$ ��)%�$ G�
��)��� ��&&%&��%��,��  "&&�/� �%�� �%�$ 3�� # %&��"&��&# � �!)�%)"�!!. �� "���-�!!�
E,� * "��B ��)����G��
� � # ��� �"�%&�% �/"�&��"/"�����)"��&%/�!��")��7 :3;�
%!!�/%���%� �3����* �&�"6 ," �")��# ����))%�%� ��!�/� �"�)"��%!")��"&�%�$ 0�
%� !�)%�$ �!%$ # ��&� �+ %�$ 0�* � �!)�� "�,"�-� �/")��� ��%�"!. �� ��&�/,!"&���)�� ��
!� * �$ ��)"�� ��-�%!")�,�� )� �3����"&���� ��%�"�& # "/��% �# �)�� ""��
,�"4%� �&!. �)"-%�")���)"���# "�7 "��/� �,# � �&%&���� 5" ����)�* �&��)� ,�")�
�&���� �&"!%�"��"/,!��"�-� ���# "�!��"��� "&����-��&��� ���"�)"&%$ �3�
�
� # "���)"�,%��%�$ � �,%��!� � &��&��). 0�&�,,!"/"��")�� . �%�%�%�!�"&�%/��"&�
� -�,�� )� �%� �� � &�&0� � �-%�/")��# �����,!����/�)"��� ��# %&�)"&%$ �� � �!)�%��
,�%� %,!"�� # %"4"�� � �# ��# "��"B �%�")�:�7 ? ,������!��# �� �$ # ,�����)�/""��
�# "�:�F �? ,�,�� )� �%� �� � &�����$ "�3��  � �)%�$ !. 0��# "��"B �%�")�&. &�"/&�
)"4"!� ,/"��&0�� ,�%� �&���%�!&���)�� �# "��,��  "&&�)"4"!� ,/"���* � �+ ��� �
,�� 4"��# "�4�!%)%�. �� -��# "�)"&%$ ��* "�"�,�� $ �"&&")�1�&�&",����"!. �
�",� ��")23���� &"B �"��� � &�����!. &%&��&%�$ ��!!��# "��"&�!�&�-�� /��# "&"�
� �%4%�%"&�# �&�&�� &"B �"��!. � � �-%�/")�� # %"4"/"���� -��# "&"��# �� �$ # ,���
��)�,�� )� �%� �� � &�����$ "�&�* %�# ��# "�
%��!�J��!%�"�� "&%$ ��-� ���# "�
��,� %�. �� "�
�"4"��,!���3�
�
�&����% %,��")0�/� # �� -��# "�,!����%�-��&��� ���"���)�"B �%,/"����"B �%�")�
�� �&�,,� ����# "�/�5� ��)",� &%�%� ����)�,���"��%�$ �"B �%,/"��&�,�� 4")��� �� "�
�"�)%!. � � //"� %�!!. ��4�%!�� !"3���-%�&���"4%"* �� -��# "&"�"!"/"��&�
 � � !�)")��# ����# "�/�5� �%�. �� -��# "�%�-��&��� ���"��"B �%�")�-� ���# "�
��,� %�. �� "�
�"4"��,!����* �&�� -�!� * ��%&+ ���)�# �)�!%��!"�%/,� ��� ���# "�
,!����)"&%$ ��L�%3"3��# "��"B �%�")�&. &�"/&�* "�"��"�)%!. ��4�%!�� !"0��!�"�). �
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,�� 4"��%��,�� )� �%� ����)�� -�%�&�--% %"��� � &��%/,� ���� �* �������)"��%!")�
 � �&%)"���%� ��* %�# %���# "�,�� 5" �3�
�
����/� "��� -�%�-��&��� ���"�"!"/"��&�%)"��%-%")��&��"")%�$ �/� �"�
 � �&%)"���%� ��%���# %&�%�%�%�!��"4%"* �* "�"�$ �&�# ��)!%�$ ���)��� ��"/"��0�
* # "�"� ���"���"4�!���%� �&�� -��J� ��&. &�"/&�* %�# %���# "�,�� 5" ��# �)���%&")�
 � � "��&��"$ ��)%�$ �,"�-� �/�� "0��"!%�� %!%�. �� ��&�-"�. 3�� # "��",� ����!&� �
%)"��%-%")�����/� "��� -�"!"/"��&��# ����"B �%�"�)" %&%� �&��� �� "�/�)"��&��� �
,�� )� �%� ��/"�# � )� !� $ . 3�
�
� # "&"�* "�"��!!� � �&%)"�")�%����-���# "����)�-%��!��"4%"* 3��," %-% ��%� �&�
* "�"�� � ��%�")�-� ���� //"� %�!�� --��# "��# "!-�1�J� �2�&� !��%� �&�-� ���# "�
,�"4%� �&!. ���)"-%�")�+ ". �&. &�"/&���)��&&"&&")��&�/""�%�$ ��# "���,� %�. �
� "�
�"4"��,!�����"B �%�"/"��&3�� # "&"�* "�"����� /��")�* �&# �-� %!%�. 0�%��"��
,��  "&&�,!��"�# ��)!%�$ ���)�����&,� ��0�� �--"��&�� ��$ "���)����� /��")�
&� !����
� ��"&�"�3�J�# "��&. &�"/&���)�)"&%$ �� # ��$ "&�* "�"�,���� ��# � !)0��&�
�# "�� ,�%/�/�&� !��%� ��* �&�&""���� �)","�)�!��$ "!. �� ��-%��!��
�%�
)",� &%�%� �� # �/� "��)"��%!")�)"&%$ �0�&�-"�. ���)�* �&�"�)%&,� &�!�
!"$ %&!��%� ����)��# "��"!"4�����J� ��&. &�"/&��4�%!�� !"�����# "��%/"�� -�-%��!�
,!����)"&%$ �3�� # "&"�* "�"��# "��
�%�)",� &%�%� ��&. &�"/�,!��"�!� �)�����!� �)�
%��"�-� "0��# "�# �D ��)� �&�$ �&��� ��"/"���&����"$ . ���)��# "�$ �&�,��"!��"

"�$ %�""�%�$ 3�
�
�� �%�% �!�-%�)%�$ �� -��# %&�* � �+ �,� + �$ "�* �&��# ����"�&� ��� !. �,�% ")��J� ��
&. &�"/&�* "�"��!�"�). ��4�%!�� !"�-� ���"
� �%"����%�$ �$ !�&&�,!��"�1 � ��")�� ��
�� � ��")2�-�� /��# "�4"��% �!�� �%"����%� ���� �# � �%D � ���!���)�4% "�4"�&��1"3$ 3�
�&�&# � * ��%��
%$ ��"��3�23����# �)�� ""���&&�/")�%��%�%�%�!�,!����)"-%�%�%� �&�
�# ���� �"�� ��� �# "��� �%"����%� ��* � �!)��"")��� �� "��&")��# �� �$ # � ����# "�
,!���I��# "&"�&. &�"/&��"/� 4")��# ��� � �&���%��0�* %�# �� "�"-%���� ��# "��"!!�
�&� !��%� ��� �%4%�. �1�&��",� ��")�%���"!"4����&" �%� �&23�
�
� "&�!�&�� "&�!�&�� "&�!�&�� "&�!�&�LLLL�� �%4%�. �� 2�
�� ����� ��� ��� ",� &%�%� ��� �%4%�. �� 2�
�� ����� ��� ��� ",� &%�%� ��� �%4%�. �� 2�
�� ����� ��� ��� ",� &%�%� ��� �%4%�. �� 2�
�� ����� ��� ��� ",� &%�%� �����
�
� # �""�/�5� ��%&&�"&�* "�"��))�"&&")�%���# "�&��). 3�� # ". �* "�"9�

:3 �" ��%�. �� -�&�,,!. �
�3 �� &��
<3 �"�-� �/�� "�

�
J�!. ��# "��%��� 6 %)"���)�D %� �� 6 %)"�/��"�%�!&��&�,�� 4%)%�$ ���&�%��� !"�� ,�%� ��
-� �� � //"� %�!�-�� ��� � ��� ��,�� )� �%� �3�
� ���# "��# �""�� ,�%� �&�
 � �&%)"�")0��# "��&&"&&/"���-� ���# "��� � 4"�%&&�"&�* �&9�
�
�� //"� %�!�,�� )� ��L�%3"3�$ !�&&�,��"!��!�"�). � � ��")�* %�# ���� �J�1�%��
� 6 %)"2�!�. "��&�%��� !"�-� ���&"�%���# "�/���-� ���"�� -��� �,��"!3�
�" ��%�. �� -�&�,,!. �L�!� * ��%&+ �1/��. �&�,,!%"��� ,�%� �&0�$ �� * %�$ �/��+ "�2�
�� &��-� �� �::�
��3���
                                                 
11 The Cost Factor is unit area cost (in £) of coated glass panel after allowing for all processing, cutting 
and wastage. 
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�"�-� �/�� "�L��&�,"�� ���"���,�� )� �0�%3"3�E&���)��)G3�
�
	 � �"��# ��0�%��$ "�"��!0��!!�/��"�%�!&�&�,,!%")�-� ���"&��/"���# "%��,# . &% �!�
&," %-% ��%� �&���)�* "�"��� !"��� �� "��&")�&�  "&&-�!!. ��� �,�� )� "�$ � � )�
B ��!%�. �&� !����� �,��"!3�� # "�"6  ",�%� �&��"�)")��� �� "�-�� /��"* �&�,,!%"�&�
� --"�%�$ �/� # �!� * "�� � &��,�� )� �I��  � �)%�$ !. ��# "&"�* "�"�)%& � ���")�
-�� /��# "��"&�!�&3�
�
	 "* ����� � �,!����1�%��� 6 %)"2�
�" ��%�. �� -�&�,,!. �L�/")%�/��%&+ �1%�%�%�!!. 0�-�!!%�$ ��� �!� * ��&�"6 ,"�%"� "�
$ �%�")23�
�� &��-� �� ��
��3�:�
�"�-� �/�� "�L�!� * "���# ���&���)��)3�
�
�$ �%����%�!&��&%�$ �/��"�%�!&�&�,,!%")�� . ��# "�"B �%,/"���/���-� ���"�&�
,�� 4")�&�%��� !"�-� ��&� !����� ��&"3�� # "��"&�!�&�� # %"4")�-�� /��# "��"&��
� �� # "&�&# � * ")��# ����# "�,"�-� �/�� "�-�� /��"&��,!��"�* �&�:�? ��&�
 � /,��")��� �:�? �-� ���# "�,��  ��")�$ !�&&3�> � * "4"�0�%��* �&�-"!���# ��0�� � "�
���")�-� ���# "� "!!�)"&%$ �0��# "�,"�-� �/�� "�* � �!)�/""���# "�B ��!%�. �� -��# "�
 � //"� %�!!. �,��  ��")�$ !�&&3�
�
> � * "4"����/�5� ��,"�-� �/�� "� � � "���* �&��# "��",�� )� %� %!%�. �� -��# "�
 � ��%�$ 3�� # "�4��%��%� �&�%��&# ""���"&%&��� "0�� ,�% �!�����&/%&&%� ����)�%��
# �D "��!!�)%�" �!. ��--" ���# "�,"�-� �/�� "�� -��# "�&� !���/� )�!"3�� # "��%&+ �� -�
# �4%�$ ���* %)"��)%&��%� ��%� ��%��,"�-� �/�� "�1* ���&�/� )�!"2�* � �!)�# �4"�
�"$ ��%4"�-%��� %�!� � �&"B �"� "&3��� !� ���� ��)%�$ �* �&�&""��� ���!!�
&�/,!"&�-�� /��# "�4��%� �&�/���-� ���"�&3�� # "��"$ ��%4"� � �&"B �"� "�� -�
�# %&�� ��&� !���/� )�!"&�* �&�/�%�!. ��"&�# "�% 0�� ���4"�. �%/,� �������� �
 �&�� /"�&�-� ���� � -
�� ,���)��� # %�" ����!��,,!% ��%� �&3��  � �)%�$ !. 0��# %&�
� ,�%� ��* �&�$ %4"������ 4"��!!�!� * "��E,"�-� �/�� "G�/��+ 3�
�
N %� �J6 %)"�,�� )� �&�
�" ��%�. �� -�&�,,!. �L�# %$ # ��%&+ �1�"* ��" # �� !� $ . �* %�# � ���"���,��  "&&%�$ �
�� "���%��%"&2�
�� &��-� �� ��L��� ��. "��B ����%-%�� !"�
�"�-� �/�� "�L�# %$ # "���# ���&���)��)�1� �����,�� 4"��%��,�� )� �%� ������# %&�
�%/"2�
�
� # "�,�%/��. �,"�-� �/�� "��)4����$ "�� -��# "�D %� �� 6 %)"�&. &�"/�)"�%4")�
-�� /�%/,�� 4")�����&,��"� . 0�* # % # �,�� /%&")��� �)"!%4"����:�K �%� �"�&"�
%���� � "!!�,"�-� �/�� "�* # "��-�!!. �� ,�%/%&")�L�%3"3��# %&�* �&��# "��# "� �"�% �!�
%/,�� 4"/"��3�� # %&�* �&�,� �"��%�!!. �� -�&%$ �%-% ����� "�"-%��-� ��,��"!�
/���-� ���"0�/� �"�&� �* # "�� � �&%)"�%�$ �� 4"��!!��� �%�&��!!")� � &�&3�
�
����))%�%� �0��" "����",� ��&�# �)�&# � * ��-���# "���� �"�# �� "/"����# �� �$ # �
�&%�$ ��# "�D %� �� 6 %)"��&����"��� � ��� ��/��"�%�!0�� 4"�!�%��* %�# ���* # %�"�
)%--�&"��"-!" �� ��1,�%��23��-��# "�,�� /%&"�� -�%/,�� 4"/"��&�-�� /�� � �# �-�� ���
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��)��"��� � ��� �&�� �&")�� ����&%�$ !"�/��"�%�!�,��  "&&� � �!)�� "��"�!%&")�
 � //"� %�!!. 0��# "���# %&�* � �!)�� "���&%$ �%-% ����)"4"!� ,/"��3�
�
J4"��!!0��# "�,"�-� �/�� "�)%--"�"��%�!�* �&��&&"&&")��� �� "�,� &%�%4"�-� ���# "�
D %� �� 6 %)"�� ,�%� ��L�,� &&%� !. ���,"�-� �/�� "�$ �%��� -�:;K �%���� �� ��,��3�
> � * "4"�0��# "�%//����%�. �� -��# "��" # �� !� $ . ���)�%��,���% �!����# "��"")��� �
)"4"!� ,��"!%�� !"�,�� )� �%� ��,��  "&&"&�-� ���# "� � /,!"�"�-�� �% ��%� ��
,��  "&&�/�)"��# %&���# %$ # ��%&+ ��&&�/,�%� ������# %&��%/"3�
�
� "&�!�&�� "&�!�&�� "&�!�&�� "&�!�&�LLLL�� �%4%�. � 2��"/% � �)� �� ��� ",� &%�%� ��� �%4%�. � 2��"/% � �)� �� ��� ",� &%�%� ��� �%4%�. � 2��"/% � �)� �� ��� ",� &%�%� ��� �%4%�. � 2��"/% � �)� �� ��� ",� &%�%� �����
�

� �� !��%�. 0��# "��"&�!�&�-� ���# %&���&+ �# �4"��$ �%��� ""��&",����")�%��� ��# � &"�
�"!"4������ ��# "�( ���� "4"!� ,/"��0���"-"��")��"!!���)�7 ��"�%�!&�J,�%� �&0�
��)��� !������"!���� )� �%� �3�
�
� "&�!�&9�( ���� "4"!� ,/"���L�� "&%$ ��
� # "�( ����"&�")�����/� "��� -�%)"�&�-� ��%/,�� 4%�$ �� ,"���%� �&���)���� ��
�")� %�$ � � &�&��# �� �$ # �)"&%$ ��&%/,!%-% ��%� �3�� # "�-� !!� * %�$ �# �4"�� ""��
-�!!. �� ,"���%� ��!!. ��"&�")���)� � �-%�/")��&�&�%��� !"�-� ��%� � �,� ���%� ��%��� �
�# "�,�� )� �%� ��&. &�"/�* %�# �� �!. �/%�� ��)"��%!��"4%&%� �3�
�
:3����"���!�$ �&�-"")�)%&��%� ��%� �3�
�3����"���!�4� ��/�"6 ��� ��)%&��%� ��%� �3�
<3��!��"� ���%"��)"&%$ �3�
�3�� 
� � ��" �%� ��� ��!� �)%�$ �,!��"� ���%"�I��# %&�* �&�)"&%$ �")��� �"!%/%���"�
�# "��"")�-� ��/����!�� 
� � ��" �%� ��1�&�� �� ���"�������&. &�"/&2���)��# "�
�   �&%� ��!�-�%!��"&�%���� )� ")�� . ��# "�O-!. %�$ �!"�)O�&�. !"�� -�%��"� � ��" �3�

� !!� * %�$ ��" "���%��"���!�)"&%$ ���"4%&%� �0��# "&"���%�&�# �4"�,�� 4")�
� ,"���%� ��!!. �&� ��)3�
�
�� /"��&," �&�� -��# "�)"&%$ ��# �4"�� ""��&# � * ���� ��"")�&� /"��"4%&%� ���� �
-�!!. �� # %"4"��# "%��,� �"��%�!���)��))�"&&��# "�-� !!� * %�$ �&," %-% ��"&�!�&9�
�
;3�� 
�,!��"�)"&%$ �I���%�!&�# �4"�&# � * ���# ��0�����# "�,��  "&&� � �)%�%� �&�
�"B �%�")�-� ��$ � � )�B ��!%�. �,!��"0��# %&�%&�����  ",��� !"�)"&%$ �3�> � * "4"�0�
�* � �%&&�"&���%&"9�-%�&�!. 0��# "�"�%&�!"&&�O�� !"��� "O��� �,��  "&&� � �)%�%� �&0�%3"3�
O%� � ��" �O�� ����&�%��� !"�,��  "&&� � �)%�%� �&� ��� ��&"�)�&��-� �/��%� �0�
�"B �%�%�$ �,� &��)",� &%�%� �� !"����,I��# %&�/%$ # ��!%/%���# "�& � ,"�� -�-����"�
%/,�� 4"/"��&��# �� �$ # ��&"�� -��!�"����"�/��"�%�!&�"3$ 3�/% ��  �. &��!!%�"���
!�. "�:�3��" � �)!. 0��# "�)"&%$ ��%���� )� "&���!�  �!�)",� &%�%� ���� �

��%-� �/%�. ��# ���# �&�. "���� �� "�� 4"� � /"I�%��%&��� �� !"�������# %&��%/"�
* # "�# "���# %&�%&�,!�&/��� ��!�  �!%&")��"/,"�����"��� �
��%-� �/%�. �%�)� ")�
"--" �3�
�

                                                 
12 This layer will require high power and high hydrogen dilution, significantly outside the range of 
current process testing. 
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�3�� # "�� 
�,!��"&���"���O!� � &"�-%�O�%���# "�,!��"� ���%"�0��� �"�&"� � �&��� �%� ����
/�%��"��� "3�� # %&�# �&�,�� 4")��� �� "�� ,"���%� ��!!. �%/,"�-" ��1�# � �$ # �
/���$ "�� !"23��
�
�3�� # "�,!��"� ���%"��1# � !)"��&"�2�)"&%$ ���"")&�&� /"�/� )%-% ��%� ���� �/�+ "�
,!��"�!� �)%�$ �"�&%"����)��� ��"!�6 �$ !�&&� ���%�$ ��� !"��� "&3�
�
�3�� # "�!%/%�")�,# . &% �!���)�"!" ��% �!� � ��� ��,�� 4%)")�� "�* ""���# "�
 # �/� "����)��# "�,!��"� ���%"��� . ��# "� # �/� "���� !!"�&0�* # %!&��$ �"��!. �
"�&%�$ ��# "�,!��"� ���%"��!� �)���!� �)�� ,"���%� ���&�%��"�)")0�)"/� �&���� !. �
-�%!��� �,�� 4%)"��# "��"B �%�")�� 
�"���# ��"����3�� # "�"���"��* � ��&," �&�� -��# "�
( ���)"&%$ ���# ����"")�&"�%� �&��"4%"* ���)� � �&%)"���%� ��-� ��/�5� ��
�")"&%$ �3�
�
�3�� # "��  "&&�)� � ��* %!!��"")��� �� "��",!� ")�* %�# ���/� �"�E,�� )� �%� ��
-�%"�)!. G���)��� � �&�!. �/� ���")���%�3�
�
:�3��� �&%)"���%� ��&# � �!)�� "�$ %4"���� �!"�4%�$ ��# "�1# "�4. 2�,!��"� ���%"�&�%��
�# "� # �/� "����)�!� �)%�$ �����!� �)%�$ �$ !�&&�-�� /�!%$ # �* "%$ # ��&�� ��$ "�
� � 6 "&�� ���� + &3�
�
::3�� # "�( ����"")&���# "��%�$ �&. &�"/�"6 ,��&%� ���� ��&&%&��%��� # %"4%�$ ���
/� �"���%-� �/��# "�/�!�,�� -%!"�� ���# "��� �,!��"�1&""��!&� ����� � 4"23�
�
���&# � �!)�� "��� �")��# ����# "�"�* "�"��� �&"�%� �&�,�� � !"/&�"� � ���"�")�* %�# �
�&%�$ ��# "�( ����&�)"&%$ �")I��# "� # ��$ "&�/�)"��# �� �$ # � ����# "�,�� 5" ��
* "�"�/�%�!. ��# � &"����% %,��")�%��"��!. �,!���%�$ ���)�-� ��* # % # �,�� 4%&%� ��
# �)�� ""��/�)"�%���# "�( ���)"&%$ �3�
�
� # "�/� &��&"4"�"�,�� � !"/&��"&�!�")�-�� /��# "�)" %&%� ���� �/%�%/%&"�( ���
 � &����)�)"&%$ ���%&+ 0�� . �!%/%�%�$ ��# "�( ���� �%!)��� ���&%�$ !"�,!��"� ���%"��
,� &%�%� �")����� �"�&%)"�� -��# "� # �/� "��%3"3�%���# "�/� &��)%--% �!��,� &%�%� ���� �
� # %"4"���%-� �/�$ �&���)��"/,"�����"�)%&��%� ��%� �3�� # %&��"B �%�")���
��/� "��� -�%��"���!���%�!&�&," %-% �/� )%-% ��%� �&��� �"�&��"��# ����# "��"&�!�&�
� # %"4")�* � �!)�� "��",�"&"����%4"�� -��# "�%��"�)")�!��"��-�!!. �-���%&# ")�
,�� )� �%� ��&. &�"/&3�
�
����# "�"4"��0�%���,,"��&��# ����# "&"�/� )%-% ��%� �&�# �4"��� ��� ""���)"B ���"�
�� �-�!!. ��4� %)�$ �&�)%&��%� ��%� ��,�� � !"/&��# ���* � �!)��� ���   ���%����-�!!. �
-���%&# ")���%�3�A �&�-!� * &��"B �%�")��� �� # %"4"�$ � � )���%-� �/%�. �%���# "�
&. &�"/�# �4"�� ""��# %$ # "���# ���"6 ," �")���)�!%/%�")�"6 ,"�%/"����%� ��
&�$ $ "&�&��# ����# %&�%&�)�"��� �"& �,"�� -�&�� &����%�!�$ �&��� ��# "����&")�
 # �/� "���"$ %� �&3��-���%�!&���"��� � � ��%��"�� ". � �)��# "�,�� 5" �0�%��%&�
�" "&&��. ��# �����-�!!�* %)�# �# "%$ # ���!�/%�%�/�� ��&�""!�,!��"�,���%�%� ��� "�
%�&��!!")�%���# "�( ����� �-�!!. �%&� !��"��# "�&%�$ !"�,!��"� ���%"��,� &%�%� ��%���&"3�
�
�))%�%� ��!!. 0�� �!. ���# "��"��,!��"&�L�� �"�"%�# "��&%)"�� -��# "�,!��"� ���%"��L�
* "�"�%�&��!!")3�� �"��� � � �)� �%� ��!� &&"&��� ��# "���# "��")��"$ %� �&�� -��# "�
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 # �/� "�0��# "&"�# �4"�,�� 4"���� �� "���)"�,� * "�")��� �"�&��"�-�!!�
�"/,"�����"���%-� �/%�. �� �� &&��# "�,!��"� ���%"�0� � /,�� /%&%�$ �,!��"�
,"�-� �/�� "3�
� ����. �-���# "��* � �+ 0�%��%&��" � //"�)")��# �������))%�%� ��!�
��# "��"��,!��"&�� "�%�&��!!")�%���# "����&")�,� ��%� ��� -��# "� # �/� "��L�� �"�
� ���# "�� ��"��* �!!0�� �"� !� &"�%���� ��# "�,���%�%� ���" � //"�)")��� � 4"3�
�
�&%)"��&��",� ��")��� � 4"0��!!�� �# "��"!"/"��&�� -��# "�( ���� � � �# �4"�
,"�-� �/")��&�)"&%$ �")3�' ". ��/� �$ &���# "&"���"��# "�� 
� �&�� /�O/%�%/�/�
,�� -%!"O�/�� # %�$ ���%�&0�)"&%$ �")��� �-%��&%)"�� . �&%)"���)"���# "�( ����� �
�!!� * ��# "/��� �� "� � ��" �")��&� !� &"��&�,� &&%� !"��� ��# "�� 
�,!��"�
 � ��" �� �&�1�# "�"� . �/%�%/%&%�$ �,� �"��%�!�� 
�!� &&���)�,��  "&&�
4��%�� %!%�. 23�� # "&"���%�&�# �4"�,"�-� �/")�-��!�!"&&!. ���)�,�� 4"��
�"/��+ �� !. ���,%)�%���# "�"����%�$ ��"&,� �&"0�* # % # �%&��� * ��� � �����
&" � �)&� � /,��")��� �:�
:;�&" � �)&�-� ���# "�&���)��)���%�&�%���&"�������3�
� # %&�%&����%/,� ������� # %"4"/"���-� ��%/,�� 4%�$ ��# "��%/%�$ �� -��# "�
�# %��"&��!�. "�&�� -��# "��� � "!!�L�/� &�� �%�% �!!. ��# "���!�. "�0�* # % # �%&�
�. ,% �!!. �� -�&# � ���)����%� ����)�%��* # % # �;�&" � �)&�O���"
%�O�4��%�� %!%�. �
%���� )� "&�&�� &����%�!�)",� &%�%� ���%/"�4��%�� %!%�. 3�
�
� B ��!!. 0��# "�# %$ # "��,� * "��* ��"�� � � !")�$ "�"���� �&�# �4"�,�� 4"���"!%�� !"0�
* %�# ��� �� 4"�# "���,�� � !"/&�%��"4"���# "�# � ��"&���/� %"��� � �)%�%� �&�&� �-���
"6 ,"�%"� ")�1%��"6  "&&�� -�<��)"$ �""&����� � /��"/,"�����"���)�# %$ # �
# �/%)%�. �!"�)%�$ ��� � � �)"�&��%� ��� ����)�* %�# %��* ��"�� � � !")�%�"/&23�
�
� # "��( ���",�� $ ��//%�$ ��� �,�� 4%)"����� /��")��&"�� -��# "�# %$ # �4� ��/�
,�/,�* %�# %���# "�,��  "&&�1 �%�% �!��� �� ,�%/%&%�$ �,��  "&&��%/"���)�
,"�-� �/�� "�� -��# "�)��!�5�� �%� �� "!!&2�# �&�,�� 4"���� ��!!. �"--" �%4"3��!!�
4� ��/� # " + &0�4�!4"�� ,"���%� ����)�# %$ # �4� ��/�,�/,�&�������&�� ,�# �&�
� ""��&# � * ���� �� ,"���"�-��!�!"&&!. ���)"��-�!!��( �� � ���� !�%���"&,� �&"��� �
"��"�%�$ ���&%�$ !"�,�"&&��"��"B �%�"/"���O � )"�4�!�"O�%���# "�,��  "&&�/"��3�
� # %&��!!� * &��&"�� -��# %&�# %$ # �4� ��/� �,�� %!%�. ������. �&��$ "�� -��# "�
,��  "&&��&��"B �%�")3�
�
� "&�!�&9�( ���� "4"!� ,/"���
�� �%-� �/%�. �� �%�!&�
��%�%�!���%�!&�* "�"�# %�)"�")�� . ����"����% ���)���,�")% ��� !"�&� -�* ��"�
,�� � !"/��# ���# �)��� ���   ���")�)��%�$ ��# "�"��!%"�� � //%&&%� �%�$ 3�? "&��
� " # �� !� $ . �* �&�"4"����!!. ��� !"��� �%&� !��"0�%)"��%-. ���)��"/"). ��# %&�
)"-" ����)��# "�&. &�"/�# �&�� ,"���")�* %�# � ���,�� � !"/�&%� "I��# "��"/"). �
# �&�,�� 4%)")���-���/� �"���$ $ ")���)��"!%�� !"�,��  "&&��# ���%&��� * ����
%��"$ ��!�,����� -��# "�� � � �( ���)"&%$ �3�
�
( � �)%�$ ���)���!� �)%�$ �� -��# "�( ���* %�# ��# "�<<6 �� /�,��"!&��"B �%�")��� �
-%��%��* %�# �����,��  "&&%�$ �,�� 4")�)%--% �!�0�� ���� # %"4�� !"3�� ",� &%�%� ��
� ��� ��# "�/�!�%,!"�&/�!!�,!��"&�* �&�&# � * ���� �� "�&�  "&&-�!0�* %�# ��� �
,�� � !"/&�� ��&%$ �%-% ������ �
��%-� �/%�%"&�%���� )� ")�� . ��# "�,!��"�
� � ��)��%"&3�
�
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�&����% %,��")0�%�%�%�!���%�!&�&# � * ")�&"4"�"�)",� &%�%� ���� �
��%-� �/%�. 0��&�
&# � * ��� . �
%$ ��"��3�3�� # "�)� /%�����,�� � !"/�* �&�&"4"�"�,� * )"��
$ "�"���%� ��� 4"����� ��)��,,�� 6 %/��"!. � "���")�� ���# "�,!��"�� �0����!� * "��
� 
�,� * "��!"4"!&0��� "����!��"$ %� ��� -��# % + "��)",� &%�%� �0�-�!!%�$ �� --��� ��# "�
,!��"�")$ "&�1
%$ ��"��3<23���4"&�%$ ��%4"���%�!&� � �-%�/")��# ����# "� ��&"�* �&�
,�%/��%!. ��� �
��%-� �/�$ �&�-"")0�)�"��� ���/%�� ��)"&%$ ��-!�* �%���# "�( ���
)%&��%� ��%� ��&. &�"/0� � /� %�")�* %�# ���!"&&"��4� ��/�"6 ��� ���� �

��%-� �/%�. 3�
�
� �$ %�""�%�$ � # ��$ "&�* "�"�%/,!"/"��")��� ��"&� !4"��# %&���)�* "�"�
"--" �%4"�%��!��$ "!. 0��# � �$ # ��� �� � /,!"�"!. 0�"!%/%���%�$ ��# "�,�� � !"/�
1
%$ ��"&��3�23����!. &%&�� -�,!��"���)�,��  "&&� # ��$ "&�%�)% ��")��# ��0�
�!�# � �$ # ��# "�"�* "�"�-���# "��%/,�� 4"/"��&�,� &&%� !"��# �� �$ # �/%�� ��$ �&�
%�!"����)�4� ��/�"6 ��� ���,$ ��)"�1�"�)%!. �&�,,� ��")�� . ��# "��"* �
 � �-%$ ����%� �20��# "�/�5� ��,�� � !"/�* �&�� �"�� -�� 
�,!�&/���� �
��%-� �/%�. 3�
�
��%�%�!!. 0�,� � ��� 
�,"�-� �/�� "�* �&�"4%)"���%���# "�&. &�"/0�* %�# �# %$ # �!"4"!&�
� -��"-!" �")�,� * "����)�E�� %&. G�%�,���!"4"!&3�� # %&�* �&���� ")��� �&"4"�"�
 �� &&
��!+ �� "�* ""���# "�1�* � 2�� 
�$ "�"���� �&�)�"��� ���"6 ," �")!. �
%��)"B ���"�� 
�&# %"!)%�$ �����# "�,� * "��%�!"�&3�
� !!� * %�$ �� �%!)���)�
%�&��!!��%� ��� -�&�%��� !"�&# %"!)%�$ ��&&"/� !%"&0�� 
�,"�-� �/�� "�%/,�� 4")�
)��/��% �!!. ��� �,�� 4%)"�&��� !"�,� * "��!"4"!&�* %�# �!%��!"��� %&"�� ���"-!" �")�
,� * "�3�
�
> � * "4"�0�� 
�,� * "��!"4"!�� ,�%/%&��%� ���"/�%�")�&"4"�"!. �# %�)"�")�� . �
,"�-� �/�� "�!%/%���%� �&�� ���# "��� /%��!�<��? �� ��,���� 
�$ "�"���� �&0�
* # % # �� " �/"����"!%�� !"�)�"��� �� 4"�# "��%�$ ��� � 4"�:;�? 0�"4"��* %�# �
&�� &����%�!��))%�%� ��!�-� � ")��%�� � � !%�$ 3�� �!%�$ ��# "��"B �%�")�,� * "��
!"4"!&�-�� /� ���"�������&. &�"/&�%�)% ��")��# �����,� * "��!"4"!�� -��;���� �
<��? �* �&��"B �%�")3�
�
	 "* �:3�+ ? �,� * "��&�,,!%"&�* "�"��# "�"-� �"�� B �%�")���)�-%��")��� ��# "�( ���
)��%�$ �7 �� # ��;3�� # "�� ,,� ����%�. �* �&��!&� ���+ "������# %&��%/"��� �-���# "��
%/,�� 4"�$ �&�-"")���)�4� ��/�"6 ��� ��)%&��%� ��%� ��&. &�"/&0���)��� �
%/,�� 4"��# "��"/,"�����"���%-� �/%�. �%���# "� # �/� "�3�
�

� !!� * %�$ ��# "&"�( ���/� )%-% ��%� �&0��# "�/� �"�"6 � �%�$ ���%-� �/%�. �
)"/��)&�-� �� "!!�,�� )� �%� �0� � �,!")�* %�# �&!%$ # �� # ��$ "&�%��,��  "&&�
 � �)%�%� ��-�� /��# � &"��&")�� "-� �"�&# � * ")��# ����# "���%-� �/%�. �%&&�"�* �&�
 � /,!% ��")��# �� �$ # �&��� �$ �%��"�)","�)"� %"&�%���# "�,� �"��%�!�
 � ���� !!%�$ �4��%�� !"&�L�� 
�,� * "�0�,��  "&&�,�"&&��"0���)�$ �&�-!� * &3��&���
�"&�!�0���&%$ �%-% ����,�� ,� ��%� ��� -��# "��4�%!�� !"�,��  "&&�)"4"!� ,/"����%/"�
* �&�"6 ,"�)")�� ���# %&��&," ��� -��# "�* � �+ I��# %&�* �&�"&&"��%�!��� �� # %"4%�$ �
�# "��"B �%�")�)",� &%�%� ��� 4"���# "�-�!!�,��"!�&%D "3�
�
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���&�//��. 0��# "�-� !!� * %�$ �4��%�� !"&�* "�"�-� ��)��� �%/,� ����%-� �/%�. ��&�
-� !!� * &9�
%23�� 
�,� * "�9��# "�&���)��)�����,��  "&&��!�"�). ����&����4"�. �!� * �,!�&/��
)"�&%�%"&0��"B �%�%�$ �!� * �� 
�,� * "��%�,��3�� �"��� �4��%�� !"�%�,��� � �,!%�$ �
!� &&"&0�%�%�%�!�* � �+ �* %�# ��# "�( ���* �&� � /,�� /%&")�� . �"--" �%4"!. �4��. %�$ �
,!�&/��)"�&%�. ������� ����3������%-� �/%�. ��"�/&0��# %&�* �&�4%&%� !"��&���!� &&�
� -�)",� &%�%� ��&����%�$ �����# "�!� * "�� � ��"�&�� -��# "�,!��"&���)0��&�,� * "��
* �&�-���# "���")� ")0�"6 �"�)%�$ �-���# "���,��# "�&# � ���&%)"&�� -��# "�,��"!3�
� # "��&"�� -�# %$ # "��,� * "���� � � /,"�&��"��# %&�,�� 4")�%�"--" �%4"�)�"��� �
"6  "&&%4"�O)�&�O�$ "�"���%� ��%���# "�,!�&/��1* # "�� � �,!%�$ �* �&�$ � � )20�
* # % # �!")��� ��# "�-� �/��%� ��� -�,� * )"�. �)",� &%�&�� ���# "�,!��"�&��-� "&3�
� !�%/��"!. 0�%/,�� 4"/"����� ��# "�� 
�"���# ��"�����& # "/"���)�/� �"�
�� � �&�!. � !� &"� � �,!%�$ ��# "�� 
�/�� # ���%�&��� ��# "�( ���,�� 4")�"--" �%4"�%��
"!%/%���%�$ ��# "� � �,!%�$ �4��%�� %!%�. 0��!!� * %�$ �� ,�%/%&��%� ��� -��# "�� 
�
,� * "��!"4"!���)�4%����!�"!%/%���%� ��� -�� 
�%�)� ")�")$ "��� �
��%-� �/%�. 3�
�
%%23�� "/,"�����"�,�� -%!"9�4��%�� !. 0����� ,��� �� � ��� /��� �
��%-� �/%�. �* �&�
"4%)"���%��/��. �,��  "&&���%�!�&"B �"� "&3�7 ��"�%�!�����# "��,,"��,����� -��# "�
,!��"�* �&�� -�$ � � )�B ��!%�. 0�/��"�%�!�����# "�!� * "��,����* �&�� -�4"�. �,� � ��
B ��!%�. �L��� �/� �"��# �����,� * )"�. �)",� &%��%��/��. � �&"&3���%�%�!����"/,�&�
�� �"!%/%���"��# %&�%� � ��" �!. �-�  �&&")�� ��$ �&�-!� * ���)�,�"&&��"3�
� !�%/��"!. 0�%��* �&�)"�"�/%�")��# ����# "�� ,"���%� ��!�/"�# � )� !� $ . �� "%�$ �
�&")�* �&�%���� )� %�$ �&%$ �%-% �����"/,"�����"�4��%��%� ��� "�* ""���# "��� ,�
��)�� � ��� /�� -��# "�,!��"0�)�"��� � � �4" �%� ��"--" �&�* %�# %���# "�
%� � /,!"�"!. �# "��")� # �/� "��)��%�$ ��# "���/� &,# "�% �,�"&&��"�� 4"��%$ # ��
# "����,�� -��# "�,!��"&3�� # "�%/,� ��� -��# %&�* �&�$ � 4"��")�� . ��/� %"���
�"/,"�����"� � �)%�%� �&0�# "� "��# "��,,��"���4��%�� %!%�. �L�%3"3�$ � � )�
&�/,!"&�* "�"�,�� )� ")�)��%�$ ��# "�# � ��"&��* "��# "��* # "�� # �/� "��
O � � !%�$ O�* �&�/%�%/�/0��# � �$ # �"4"��%���# %&� �&"��"&�%�$ �* %�# ����� ,�% �!�
,. �� /"�"��&# � * ")��# "�� � ��� /�� -��# "�,!��"��� �� "�;��)"$ �""&��� � � !"��
�# ����# "��� ,0�������  ",��� !"�)%--"�"� "�-� ��$ � � )���%-� �/� "!!�
,"�-� �/�� "�� �� &&��# "�,!��"3�
�
� !�%/��"!. 0��# %&��� �
��%-� �/%�. �%&&�"�* �&�!��$ "!. �� 4"� � /"��# �� �$ # �
����%�$ ��# "�� 4"��%$ # ��,!��"�# "��%�$ �%���# "�( �����)"��4� ��/0��# � �$ # �%��
%&�&�&," �")��# ���&� /"��"&%)��!�")$ "���)� � ��"���� �
��%-� �/%�%"&�&�%!!�
�"&�!��-�� /��# "�%� � /,!"�"�( ���# "��"��-%��L�%3"3�,!��"�,� &%�%� �&� !� &"&���� �
�# "���# "��")�( ���* �!!&�&�%!!�&# � * ��� �
��%-� �/%�. 3�
�
%%%23����  "&&�,�"&&��"���)�$ �&�-!� * 9��# %&�* �&��# "�-%��!�L���)�/� &��)%--% �!��
L�� -��# "��� �
��%-� �/%�. �&� �� "&��� �%)"��%-. ���)� � ���� !3����%&��� * �
��)"�&�� � )��# ����# "�,��  "&&�,�"&&��"�/"�&��"/"���1� . �@���  "!!�$ ��$ "20�
�!�# � �$ # ���+ "�������,� %���%�� !� &"�,�� 6 %/%�. ��� ��# "�,!��"� ���%"��")$ "���)�
* %�# �!%�"�� -�&%$ # ���� ��# "�&,� "�� "�* ""���# "�,!��"&�)� "&��� ��,�� 4%)"���
$ � � )�/"�&��"/"���� -��# "�"--" �%4"�,�"&&��"�* %�# %���# "�,!��"&3��&��# "�
!���"��%&�&��� �$ !. �)","�)"���� ���# "�$ �&�-!� * 0����%� �"�&"�%���# %&��"B �%�"&�
�� � /,"�&��%�$ �)" �"�&"�%��,��  "&&�,�"&&��"�&"�
,� %����� �� �# "�* %&"�
/�%���%��,�%� ��,��  "&&� � �)%�%� �&���)��!!� * ��# "�%/,� ��� -�$ �&�-!� * ��� �� "�
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&",����"!. ��&&"&&")3�
�%!��"��� �,�� 4%)"��# %&� � /,"�&��%�$ �,�"&&��"�&"�

,� %��� # ��$ "�%/,� �&��# "���%-� �/%�. ��# �� �$ # � # ��$ "&��� ��# "�,!�&/��
��%-� �/%�. ��"&�!�%�$ �-�� /��# "� # ��$ ")�%��"�
,!��"�,�"&&��"���)��# "�"-� �"�
�# "�� 
�,� * "��)%&��%� ��%� �3�
�
? %�# ��# "��� � 4"�%&&�"&��"&� !4")�1�&�-�!!. ��&��# "�( ���* %!!� ���"��!. �,"�/%�20�
$ � � )�,!��"���%-� �/%�. �# �&�� ""��� # %"4")0��)"B ���"�-� ��&� !��� "!!���%�!&3�

%$ ��"��3;�&# � * &��# "��"���,"�-" ��4%&��!�,!��"���%-� �/%�. �� � ��%�")�����# "�
"�)�� -��# "�,�� 5" �3�
�
� "&�!�&9�( ���� "4"!� ,/"���
�!�. "��)",� &%�%� ��,��  "&&�)"4"!� ,/"���
��%�%�!�* � �+ �* %�# ��# "�( ����&")�,��  "&&�,���/"�"�&��# ���* "�"�E& �!")��,G�
-�� /��# � &"�"��!%"���&")�%���# "�&���)��)� # �/� "��� � � 3�? %�# %���# "�� � ��)&�
� -��# "���%-� �/%�. �%&&�"&��",� ��")��� � 4"0��# "&"�* "�"�-� ��)��� �,�� 4%)"����
�)"B ���"�&�����,� %���-� �� "!!�-�� �% ��%� ����%�!&3�� �"��� ��# "�)"!�. &�%���# "�
��%�!&��"&�!�%�$ �-�� /��"&� !4%�$ ��# "��� �
��%-� �/%�. �%&&�"&0�%��* �&��# "�"-� �"�
)" %)")��� �� /%��%�)%4%)��!�!�. "��)",� &%�%� ��,��  "&&�� ,�%/%&��%� ���&���
&",����"�"!"/"���� -��# "�* � �+ ���)�,�� $ �"&&�%//")%��"!. ��� �&%�$ !"�
5�� �%� ����%�!&3�
�
� # "�� # %"4"/"���� -���* � �+ %�$ 0�"4"��!� * �"--% %"� . 0�&� !��� "!!�5�� �%� ��%&�
��-���/� �"�"6 � �%�$ ��"&��� -�/��"�%�!&�B ��!%�. ��# �����. �&",����"�&%�$ !"�
/��"�%�!&�!�. "���"&�%�$ 0���)�/��. �&�  "&&-�!��� � "!!&�# �)��"&�!�")�-�� /�
�# "�"6 �"�)")���%-� �/%�. ���%�!&3�� &&"��%�!!. 0��# "&"� � �-%�/")��# ���%���%�&% �
/��"�%�!�B ��!%�. �* �&�$ � � )0��# ����# "��"B �%�")�)� ,%�$ ��� �� � �# �����)�	 �
 � �)%�%� �&� � �!)�� "�� # %"4")0���)��# ����# "�"�* "�"��� �%��"�!�. "��,�� � !"/&�
�"&�!�%�$ �-�� /�!�. "��)",� &%�%� ��&������,�� ���"�/%���%� ��"--" �&�1"3$ 3�
&��-� "�� 6 %)��%� �23��&����"&�!�0��# "�"���"��� �&",����"��"&�!�&�-� ���# %&�&��$ "�
� -��# "�* � �+ 3�
�
� "&�!�&9�( ���� "4"!� ,/"���L�&� !��� "!!�)",� &%�%� ��
�����&%/%!���/���"�0�* %�# %���# "�!%/%�&�� -��# "�,�"4%� �&!. ��",� ��")�
��%-� �/%�. �%&&�"&0�%�%�%�!�&/�!!���"�� "!!�,"�-� �/�� "�,�� 4%)")���
�"�&� ��� !"�&�����,� %���-� ��� ,�%/%&��%� ����)��� �-���# "��( ���/� )%-% ��%� �&�
� ��)"4"!� ,/"���* �&��"B �%�")��� �,���% �!��!. ��))�"&&��# %&�,����� -��# "�
* � �+ 3�
�
� "&�!�&�� -��# "� "!!�)",� &%�%� ��* � �+ �%���# "�( �����"��",� ��")�!��"��%���# %&�
�",� ���&" �%� �3�
�
� "&�!�&9���"-"��")��"!!���)�7 ��"�%�!&�J,�%� �&�
� # "�"6 �"�&%4"�� ,"��!%�"�����"��4�%!�� !"0� � �,!")�* %�# �-%�&��# ��)�%�
# � �&"�
"6 ,"��%&"�%��,�%� ��)��!�5�� �%� ��)"4"!� ,/"��0��!!� * ")�-%�&��� �&% ����)"/�
5�� �%� �� "!!&:<�� �&")�� ��&���)��)�����!�. "���" # �� !� $ . ���)�� -�
�"�&� ��� !"�1�K 2�&� !��� � �4"�&%� ��"--% %"� . ��� �� "�� # %"4")�"��!. �%���# %&�
,����� -��# "�* � �+ 3�
                                                 
13 I.e. First and second cells of same materials – this is not generally considered an optimum design, 
ideally the first cell is of wider bandgap material than the second. 
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> � * "4"�0���%&%�$ ��# "� � �4"�&%� ��"--% %"� . ��� ��# ���� -��# "�&%�$ !"�,��"!�
 "!!&�,�� 4")�/� �"�)%--% �!���# ���"6 ," �")0�* %�# ���)"$ �""�� -�%� � �&%&�"� . �
%���# "��"&�!�&�/�+ %�$ �,��  "&&���"�)&�)%--% �!���� �"6 ��� ��-�� /��# "�
,"�-� �/�� "�)���3�� # "&"�%&&�"&�* "�"��!�%/��"!. ��"&� !4")��# �� �$ # ��# "�
�&"�� -�&/�!!���"��1: /�2�)"4% "&�1��� 2I��# "&"�&%/,!"�&��� ���"&� � �!)�� "�
-�� �% ��")�� �
&%�"�����H( �1%3"3� � 
!�  ��")�* %�# ��# "�� � � 2�"!%/%���%�$ ��# "�
4��%�� !"&�%���� )� ")�� . �� --
&%�"�!�&"��,���"��%�$ 0�/"��!!%&��%� ����)�%��"�

&%�"�����&,� ����%� �3����  "&&�� ,�%/%&��%� �0�%�� � �5�� �%� ��* %�# �����
-�� �% ��%� ��"�# �� "/"��&��� �/""���# "�/� �"�"6 � �%�$ ��"")&�� -��# "�)��!�
5�� �%� ��&��� ���"&0��# "��. %"!)")�&%$ �%-% ���!. �%/,�� 4")�,"�-� �/�� "0�
* %�# �-%��!�)��!�5�� �%� ��� �&")�,��"!&�� # %"4%�$ ��"���"B �%4�!"���
,"�-� �/�� "��� ��# "�&%�$ !"�5�� �%� ��,��"!:�3�
�

� !!� * %�$ ��# %&0�* � �+ �,��  "")")�� ���&&"&&%�$ ��# "�%/,� ��� -�%��"�
!�. "��
&��-� "���"��/"��&�� ���# "�%� !�&%� ��� -��))%�%� ��!��# %���
�%�� �&")�!�. "�&0�
,�%/��%!. �����# "�%��"�
5�� �%� ���
,�E�" � /� %���%� �G�%��"�-� "3����$ "�"��!0�
!%��!"�%/,� ��* �&�� � &"�4")3�> � * "4"�0��# "��))%�%� ��� -���4"�. ��# %�0�# %$ # !. �,�
)� ,")��
�%9> �!�. "������# "��
,�%��"�-� "�)%)�,�� 4"�� "�"-% %�!0�&%$ �%-% ���!. �
%� �"�&%�$ �� �  ���)�-%!!�-� �� �0��� �,�� 4%)"���)��!�5�� �%� ��� �&")�&� !���
,��"!�� -�"B �%4�!"���1:�? Q 2�,"�-� �/�� "��� ��# "�&%�$ !"�5�� �%� �� "!!&�
,�� )� ")�%���# "�� � � 3�
%$ ��"��3��&# � * &��# "�/"�&��")�&� !���,"�-� �/�� "�
 # ��� �"�%&�% &�-� ������ ,�%/�/�)��!�5�� �%� ��� �&")�&� !���,��"!�)",� &%�")�
�&%�$ �����E&���)��)G�!�. "��,��  "&&"&���)��# %&��))%�%� ��!�!�. "�3�
�
���%/,� �������&," ��� -��# %&�� # %"4"/"���* �&��# ����# %&�,"�-� �/�� "�* �&�
� # %"4")��&%�$ �,��  "&&"&��# ��� � �!)��"�)%!. �� "���������# "�"6 %&�%�$ �����
,!����L�%3"3��# "�)",� &%�%� ��,��  "&&��",�"&"��")��# "�!� * "&���%&+ �� ,�%� ��-� ��
!��"��,!����)"4"!� ,/"��3�7 � �"� �%�% �!!. 0�)",� &%�%� ��� ,�%/%&��%� ��&��)%"&�
* "�"���������# "�&�/"��%/"��&��# "��� � 4"�� ,�%/%&��%� ��&��)%"&���)�
)"/� �&����")��# ��0�* %�# �&�%��� !"�%/,�� 4"/"��&��� � # �/� "��4� ��/�
,�/,%�$ �&,"")��&�)"&%$ �")�%��� ��# "�( ��0��# "�<�# � ���!� �)��� ���!� �)� .  !"�
�"B �%�")�-� ��,�� )� �%� ��%���# "���,� %�. �� "�
�"4"��,!����* �&�-"�&%� !"3�
�
? # %!&���# %&�"--" �%4"!. �� # %"4")��# "��"&�!���"B �%�")�-� ���# "���,� %�. �� "�

�"4"��,�� 5" �0�%��* �&�&�%!!� � �&%)"�")�* � ��# * # %!"��� �%�4"&�%$ ��"��# "��* � �
�))%�%� ��!�/��"�%�!&�� ,�%� �&I��
�%9��� �&")�-%�&�� "!!�!�. "�&0���)�
/% ��  �. &��!!%�"�� �&")�&" � �)� "!!�!�. "�&3�
�
� # "��
�%9����%�!&�* "�"��"�&� ��� !. �&�  "&&-�!0�)",� &%�%�$ ��# "��"B �%�")�
* %)"�� ��)$ �,�/��"�%�!�%��� � �# �,�)� ,")���)���)� ,")�-� �/&3�> � * "4"�0�
* � �+ ��� ��",!% ��"�&���)��)�,��  "&&�&%�$ !"� "!!�,"�-� �/�� "��&%�$ ��# "&"�
/��"�%�!&�* �&����� !"��� �� # %"4"��# "�&�/"�,"�-� �/�� "�!"4"!0�* %�# ��# "�
� "&��,"�-� �/�� "�� "%�$ �� "!� * ��# "�:�? �,��"!����$ "�0��&�&# � * ��%��
%$ ��"�
�3�3��� !�&%� ��� -��# "&"�/��"�%�!&�%��� ��# "����)"/�&��� ���"&�

                                                 
14 It should be noted that this performance comparison is made on the basis of initial panel performance 
– i.e. before S-W degradation effects. The limited amount of long term testing performed on these 
panels indicated that, as is expected, the dual junction plate is less affected by S-W degradation and 
therefore achieves an equivalent ‘stabilised’ performance. 
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��&��,�%&%�$ !. ��!&� �-�%!")��� �/�� # ��# "�,�"4%� �&�� "&��,"�-� �/�� "���)0�
%��4%"* �� -��# "�!%/%�")��%/"���)��"&� �� "��4�%!�� !"�,�%� ���� �( ���)"!%4"�. 0�
�# "��
�%9��* � �+ �* �&��"�/%���")3�
�
� "4"!� ,/"���� -����"�!%&�% �/% �� 
 �. &��!!%�"�)",� &%�%� ��,��  "&&�,�� 4")�
� ". � �)��# "� �,�� %!%�. �� -��# "�)",� &%�%� ��&. &�"/0�"%�# "������# "��%/"�� -��# "�
��%�!&�� ���&�,!���")�-� ���# "�( ��3�? # %!&��%��* �&�&# � * ���� �� "�,� &&%� !"��� �
)",� &%���# "��"B �%�")�/% ��  �. &��!!%�"�/��"�%�!0�� �!. �4"�. �!� * �)",� &%�%� ��
���"&�* "�"�� # %"4�� !"�1)�"��� �� 
�,� * "��!%/%���%� �&2���)��# "�,��  "&&�* �&�
�# "�"-� �"�)""/")���&�%��� !"�-� ��%� !�&%� ��%���# "���,� %�. �� "�
�"4"��
%�%�%�!�,!����)"&%$ �3�� �%�!&�* "�"��# "�"-� �"��"�/%���")�,�%� ���� ���. �
"6 �"�&%4"�� ,�%/%&��%� ��* � �+ ���)��  � �)%�$ !. ��# "�4�!�"�� -�/% �� 

 �. &��!!%�"��%�!�. "�&�%��-����"0�/� �"�)"4"!� ,")�)",� &%�%� ��,!����%&��&�. "��
��)"-%�")3�
�
� "&�!�&9��� !������"!���� )� �%� �9�( ���&%�$ !"�5�� �%� ��,��  "&&�
)"4"!� ,/"���

� !!� * %�$ �"&��� !%&# /"���� -�$ � � )���%-� �/%�. � � �)%�%� �&0�&%�$ !"�5�� �%� ��
)"4"!� ,/"���# �&�,�� $ �"&&")���,%)!. 0�* %�# �&/�!!���"��)"4% "&�� -�: /��
,�� 4%)%�$ ��# "�� �&% �,"�-� �/�� "�)����-� ��,��  "&&����%�$ 3����!%/%�")�
��/� "��� -��� /�6 �<< /��� �,��"!&�# �4"��!&� �� ""��-�� �% ��")���)�&# � * �
�# "�/��"�%�!&��� �� "� � /,��%� !"�* %�# �&���)��)�,��  "&&%�$ ��" # �%B �"&�L�
�!� "%���"B �%�%�$ � � �4"�&%� ��� -��# "�!�&"��,���"��%�$ �# � !)"��&. &�"/��� �
"!%/%���"��# "� ���"���!�� � ���%��"�&%4"���)����"!%�� !"�/����!�!� �)%�$ ���)�
,� &%�%� �%�$ ��# ���%&��"B �%�")3�
�
? "�# �4"��� * �� # %"4")�&%�$ !"�5�� �%� ��,"�-� �/�� "�"B �%4�!"����� ��3�K �
&� !��� � �4"�&%� ��"--% %"� . �1,�"
&��� %!%&��%� �23�� # %&�%&� � /,���� !"�* %�# �
 ���"���,�� )� �%� ��� �&")��� �,��"!���)�/""�&��# "�� � 5" �%4"�� -�
)"/� �&����%�$ ��# "�( ��� �,�� %!%�. ��� �)",� &%���
�%�� �&")� "!!&�&�%��� !"�-� ��
�&"�%���� � //"� %�!!. ��"�!%&�% �,�� )� �3�
%$ ��"��3��&# � * &� ���"���� "&��
1�� �/�!%&")2�)����-� ����( ���)",� &%�")�&%�$ !"�5�� �%� �I�& �!%�$ ��# %&��� �-�!!�
:�;6 �� /�,��"!�. %"!)&���,"�-� �/�� "�%��"6  "&&�� -�;�? ,0�&%$ �%-% ���!. �
"6  "")%�$ �%�%�%�!�-�!!�,��"!����$ "�&�-� ���" � //"�)")�( ���* � �+ �� ". � �)�
,�� 5" �� � /,!"�%� ��1&""��" � //"�)��%� �&�� "!� * 23�
�
�� !������"!���� )� �%� �9�( ���)��!�5�� �%� ��,��  "&&�)"4"!� ,/"���
� # "�"�# �&�� ""��!%��!"��%/"��� �����&-"���# "�,�"4%� �&!. �)"�%4")�1&/�!!�
 # �/� "�2�� � � �)��!�5�� �%� ��,��  "&&"&��� ��# "�( ��0��# � �$ # ��# "�)"�%4��%� ��
� -��# "�,��  "&&� � �)%�%� �&��� �� # %"4"�&%�$ !"�5�� �%� ��,"�-� �/�� "�# �4"�
�!!� * ")���,%)�,�� $ �"&&�%���# "��%/"��4�%!�� !"3�� # %&�* � �+ �# �&� � �-%�/")�
�# ����# "�( ���%���� )� "&��� ��"* �-� �� �&�%��� ��# "�* � �+ ���)�&# � �!)��!!� * �
,�"4%� �&!. �)"�"�/%�")�� � � �)��!�5�� �%� ��,��  "&&�&"�&%�%4%�%"&��� ���,%)!. �
"�# �� "�,"�-� �/�� "3�
�
����"���� "&��)��!�5�� �%� ��1�� �/�!%&")2�,"�-� �/�� "�%&�!%/%�")�� . �&"�%"&�
�"&%&��� "�,�� � !"/&�1# "� "�!� * �-%!!�-� �� �20�/� &��,�� � �� !. ��"&�!�%�$ �-�� /�
�� �
� ,�%/�/�,�!�. "���# % + �"&&"&3�> � * "4"�0�* "���"�� # %"4%�$ ��# "�
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"6 ," �")�)� �� !%�$ �� -�� �  ��� �:3�� Q ���)��& �� -��� � ����/�� /����)"��:��K �
&���%!!�/%���%� �0�,�� 4%)%�$ ����"6  "!!"���� �&"!%�"�-� ��-���# "��� ,�%/%&��%� �3�
�
�&�� "-� �"0�!%/%�")�,��  "&&%�$ �� -�)��!�5�� �%� ���� �,��"!&�1��6 << /2�# �&�
� ""���  � /,!%&# ")��&%�$ �&���)��)�����,��  "&&%�$ 0��# � �$ # �%���# %&� �&"�
�# "��"&%)��!��� �
��%-� �/%�%"&�/� �"�&"�%� �&!. ����"����"�,��"!�
,"�-� �/�� "�)�"��� ��# "�%�# "�"��!. �/� �"�&"�&%�%4"�)��!�5�� �%� �3�� # "&"�
 � �-%�/��# ��0�* %�# �� ,�%/%&��%� �0��# "�-�!!�,��"!�)��!�5�� �%� ��,�� )� ��* %!!�
� "��"�)%!. �� # %"4�� !"��&%�$ ��# "�-%��!�� � � ���( ���)",� &%�%� ��&. &�"/3�
�
� "&�!�&�� "&�!�&�� "&�!�&�� "&�!�&�LLLL�� �� �� �� �%4%�. �)2�� "����� ��� ��� ",� &%�%� ��%4%�. �)2�� "����� ��� ��� ",� &%�%� ��%4%�. �)2�� "����� ��� ��� ",� &%�%� ��%4%�. �)2�� "����� ��� ��� ",� &%�%� �����
�
� "&�!�&�
�� "����� ��� ��7 ��"�%�!&�� �%�!&�
	 � �"�� -��# "�� ,�%� �&���%�!!")�. %"!)")���. �&%$ �%-% ����%/,�� 4"/"���%�� "!!�
,"�-� �/�� "0��# � �$ # �/��. �&# � * ")��")� ")�,"�-� �/�� "0�!��$ "!. �%��
�  � �)�� "�* %�# �"6 ," ���%� �&�-� ���# "�/��"�%�!&��&")�1"3$ 3�!� * "��
�"-!" �%4%�. �/"��!&��")� ")�$ "�"���")� ���"��0�/��"�%�!&�!%�� !"��� �
)%--�&%� ��$ �4"�)"�"�%� ���%� ��� -�"!" ��% �!� # ��� �"�%&�% &��# �� �$ # ��# "�
$ "�"���%� ��� -�E&# ���G��"&%&��� "�%���# "� "!!&23�? # %!&��%�%�%�!�&/�!!�1: /�2�
 "!!���%�!&�%�)% ��")���:�K �"--% %"� . �%/,�� 4"/"����&%�$ �&,���"�")�
�!�/%�%�/��!� �"��&��# "��"��� � ��� ��1&""�
%$ ��"�� 3�20�!��"��!��$ "���"��
* � �+ �%�)% ��")��# ����# %&�* �&���!%+ "!. ��� �� "��# "� �&"���)��# ����# "�"�* �&��� �
&%$ �%-% ����"--% %"� . �$ �%�:;3�
�
7 � &���� ��� !. 0��# "��&"�� -�&%!4"���&����"��� � ��� ��)%)��� ��%/,�� 4"��# "� "!!�
 ���"��0� � �����. ��� �"6 ," ���%� �I��# %&�%&�� "!%"4")��� �� "�)�"��� ����
%��"�� �%� ��� "�* ""���# "�&%!% � ��&��-� "���)��# "�&%!4"���# ���"--" �%4"!. �
 # ��$ "&��# "��"-!" �%4%�. �,�� ,"��%"&0��"B �%�%�$ �����))%�%� ��!�%��"�-� %�!�
!�. "��1"3$ 3�D %� �� 6 %)"2��� �� !�  + ��# "��"� �%� �3�> � * "4"�0��# "��&"�� -�
%��"�-� %�!�!�. "�&�� �&")�� ��&�%��� !"�� 6 %)"&0�* # %!&��,�� 4%�$ � � /,��%� !"�
* %�# ��# "��
�%9> � "!!&0��!&� �-�%!")��� �. %"!)�"�# �� ")�,"�-� �/�� "�-� ����. �� -�
�# "�/��"�%�!&�&. &�"/&���%�!!")3�
�
��� &"B �"���* � �+ �� ���# %&���)�� �# "���"!��")�,�� 5" �&�# �&� � �-%�/")��# "&"�
�"&�!�&3�( ��$ "���"��&,���"�%�$ ���%�!&�1&""�!��"��&" �%� �20�* # %!&�� � �-%�/%�$ �
�# "�,� �"��%�!�,��  "&&0�. %"!)���)��# �� �$ # ,����)4����$ "&�� -��# "�&,���"��
,��  "&&0��$ �%��&# � * ")��� �,"�-� �/�� "�%/,�� 4"/"��&�-� ����. �� -��# "�
/"��!���)�� 6 %)"� � /� %���%� �&���%�!!")3�
�
� "&�!�&�
��� ��%�$ �� " # �� !� $ . ��"!" �%� ��
�&�)%& �&&")��� � 4"0�)"��%!")��" # �� !� $ . ��"4%"* �-�  �&&")�� ���# "��* � �
/�%���� � �� ,�%� �&�L�"4�,� ���%4"���)�&,���"��)",� &%�%� �3�

                                                 
15 The sputter coating process provides increased conformal coverage due to a degree of scattering of 
material arriving at the surface to be coated. This can and did cause a small degree of coating under the 
mechanical mask used to define the small area cell, resulting in an increased coating area compared to 
the line-of-sight evaporation process that provided the performance reference. After correcting for the 
differing areas, the remaining enhancement was deemed to be 'within experimental error' – i.e. 
insignificant. 
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� 4�,� ���%� ��� �&")��� � �* �&��# "�,��  "&&��&")�%�� ���"�������,�� )� �%� ��
���@�%)$ "�)�%���# "�-� �/�� -���O� �� # O�!� �)�,��  "&&�1%3"3�/��. �,��"!� � ��")�
&%/�!���"� �&!. 23�
� ���# "� ���"���,��"!�&%D "�%��# �)�,�� 4"���� �� "���# %$ # !. �
�"!%�� !"���)� � &��"--" �%4"�,��  "&&3�> � * "4"�0��# "�� ,�%� �&��"4%"* �* %�# %��
�# "���� 5" �� � � !�)")��# ���& �!%�$ ��,��# %&��" # �� !� $ . �* �&��� ����4%�� !"�
� ,�%� ��-� ���# "�-� !!� * %�$ ��"�&� �&9�
�
%2 �� �"�&")�,��"!�&%D "�%)"�!!. ��"B �%�")��� � //"�&����"�%� �"�&"�%��

 # �/� "�� �,� %�. 0�"&&"��%�!!. �B ��)��,!%�$ ��# "�&. &�"/�-� � �,�%��0�
%� �"�&%�$ ��# "� # �/� "��4� !�/"�1��)��# "�"� . �4� ��/�,�/,%�$ �
�"B �%�"/"��&2�� . ��!/� &����-� �� ��� -��"����)��# "�"� . �
)%&,�� ,� ��%� ���"!. �%� �"�&%�$ �&. &�"/� � &�3�

%%2 � # "�� ,�%� ��� -�/�%���%�%�$ � ���"��� # �/� "��&%D "���)��")� %�$ �� �� # �
!� �)�* �&��� ��4%�� !"�)�"��� �& �%� "�!%�"�")$ "� � 4"��$ "���)��# "�"-� �"�
�"��� � ��� �� � ��%��%�. �� "%�$ � � /,�� /%&")�� . �!%�"�� -�&%$ # ��%&&�"&�
-�� /��# "�"4�,� ���%� ��&� �� "3�? # %!&��/�!�%,!"�&� �� "&���)�/� �"�
 � /,!"6 �,��"!��� ���%� �� � �!)�� "�%/,!"/"��")��� �� 4"� � /"��# %&0�
�$ �%���# %&���%&")�&. &�"/� � &��)%&,�� ,� ��%� ���"��� ��# "�%� �"�&")�
�# �� �$ # ,��3�

%%%2 � # "�"�* �&������,�� 4"�� � � "����# ������%��� %!%�. ��� �,�"
 !"����# "�
"4�,� ���%� ��&� �� "�� "-� �"�)",� &%�%� ��1�&�%�� ���"���&. &�"/&2�/%$ # ��
� "� � /,�� /%&%�$ �. %"!)���)�!� �$ ��"�/�� ,"���%� ��� -�,��"!&3��-��# %&�
* "�"�&� 0��# "��!��$ "��,��"!&�/%$ # ��� "�* � �&"��--" �")���)�%��* �&�
�# "�"-� �"�,��)"����� � � �&%)"��&# ���"�%�$ �& # "/"&�L��# "&"�* � �!)�
�!&� ���%&"�&. &�"/� � &�&0�"&," %�!!. �-� ���# "�!��$ "�0�,� �"��%�!!. �
/�!�%,!"�&� �� "�&. &�"/&3�7 ��"�%�!�* �&��$ "�* � �!)��!&� �� "�%� �"�&")0�
!"�)%�$ ��� �%� �"�&")�,��  "&&� � &�&3�

�
���* �&� � � !�)")��# ���%�
!%�"� � ��%�$ �&. &�"/&�� ,"���%�$ �� ���� � ��%��� �&�
� �&%&���)�&"B �"��%�!!. � � ��%�$ �� �"�,��"!�������%/"�,�� 4%)")��# "�� "&����)�
/� &���"�)%!. ��4�%!�� !"�&� !��%� ���� ��!!��# "&"�%&&�"&3�
���# "�� � �&%)"���%� ��
� -��# "�!%/%���%� �&�� -��� � ��%��� �&!. �� ,"���%�$ �"4�,� ���%4"�&� �� "�L�
,�%/��%!. �,!��"�-"")���)�� �%"����%� �� � � "��&�L�%�)% ��")��# ����# "�&,���"��
)",� &%�%� ���" # �%B �"�* �&��# "�� "&��,� �"��%�!�-%���� ��# "���,� %�. �� "�
�"4"��
�"B �%�"/"�����)��  � �)%�$ !. ��# %&��" # �%B �"�# �&�� ""���# "�� �"�-�  �&&")�
� ��� . ��# "���� 5" ��,�� �% �!�* � �+ 3�
�
� # "�&,���"���" # �%B �"�%&��# "�/� &��* %)"!. ��&")��"��� � ��� ��)",� &%�%� ��
�" # �� !� $ . �%���# "�!��$ "���"���# %��-%!/��� �/��+ "��L��&�* "!!��&�� "%�$ �
"6 �"�&%4"!. ��&")��# �� �$ # � ����# "� � ��%�$ &�%�)�&��. �%��$ "�"��!0�-�� /�
,�" %&%� ��-%!/&�-� ��,# � �� 
"!" ��� �% �)"4% "&��� �4"�. �!��$ "���"��
�� # %�" ����!� � ��%�$ &�1"3$ 3�# "����"-!" �%�$ �$ !�&&23����%&���# %$ # !. �)"4"!� ,")�
��)�,�� 4"���" # �� !� $ . 0���)��"!%�� !"��J� ��&. &�"/&���"�* %)"!. ��4�%!�� !"�
-�� /���/"�� �&�&�,,!%"�&3�� # "���,� %�. �� "�
�"4"��,!���� � �!)�� "��"�)%!. �
"B �%,,")�* %�# ����J� ��&,���"��&. &�"/�&�%�")��� ��# "�,��"!�&%D "&���)�
�# �� �$ # ,����"B �%�")�1� ��!��$ "�2����/%�%/�/��%&+ I�4"��% �!�� �%"����%� ����)�
�"!%�� !"�,!��"�-"")�/" # ��%&/&�/%$ # ���"B �%�"���)"$ �""�� -� �&�� /%&��%� �0�
� ����# %&�%&��!&� �!� * ��%&+ 3�
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� 6 �"�&%4"�"6 ,"�%"� "�� -�&,���"���" # �%B �"&�L�%� !�)%�$ �)"&%$ �0�� �%!)0�
 � //%&&%� �%�$ ���)��&"�� -�!��$ "���"��%�
!%�"� � //"� %�!�&. &�"/&�L�
"6 %&�")�* %�# %���# "� � �&� ��%�/�1,�%/��%!. �%���H( 23�� # "���� 5" ��* �&�
�# "�"-� �"��"�)%!. ��� !"��� �)"�"�/%�"��# ����# %&��",�"&"��")���4"�. �!� * ��%&+ �
�� ��"��� �,�� )� �%� �0��"B �%�%�$ �� �!. ��# �����-"* �)" %&%� �&�� "�/�)"��&��� �
�"��� � ��� ��/��"�%�!&�� ,�%� �&��# ���* "�"��� �� "�&�,,� ��")���)���. �&," %�!�
�"B �%�"/"��&��"&�!�%�$ �-�� /��# "���,� %�. �� "�
�"4"��,��  "&&�&����"$ . �
1"3$ 3�4"��% �!�,!��"�� �%"����%� �23�? � �+ �)%�" �")����)"�"�/%�%�$ ��# "&"�
�"B �%�"/"��&�-� �/")��# "�� �&%&�-� ���# "�/�5� �%�. �� -��# "���� 5" ��,�� �% �!�
* � �+ 3�
�
� "&�!�&�
�� "����� ��� �����  "&&�� �%�!&�
� # "�&,���"�")��!�/%�%�/��"��� � ��� ��-%!/&�# �4"0��&�"6 ," �")0�&# � * ��
"6  "!!"����)# "&%� �0�4"�. �!� * �&��"&&���)��"���� �!+ �"!" ��% �!��"&%&�%4%�. �L�
%3"3��"���%)"�!��# %��-%!/&3��/�!!���"���� �,��"!&�# �4"�� ""��!�&"��,���"��")�
* %�# ��� ��,,�" %�� !"�)%--% �!�. 0�&�4"��)5�&�/"���� -��# "�!�&"��,���/"�"�&0�
��)�* %�# ��� ��)4"�&"�,� &��,��  "&&%�$ �,�� � !"/&�1"3$ 3��� �!�. "��
)"!�/%���%� ��-�� /��# "�!�&"�� ��&23��
�
� 6 �/%���%� ��� -�")$ "� � 4"��$ "��!&� �&# � * &��# ����# "��"B �%�")� � �-� �/�!�
 � 4"��$ "�%&��"�)%!. �� � ��%�")�L�%3"3��# "�E&# �)� * %�$ G�� � &"�4")�%��&� /"�
�"$ %� �&�� -�-!�&# �"4�,� ���")�&�/,!"&�%&�"!%/%���")3�
�
�� �&%)"���%� ��# �&��!&� �� ""��$ %4"���� �-"")��# �� �$ # ����"&�L� �%�% �!�%��
/%�%/%&%�$ � �,%��!���)�,��  "&&� � &�&3�� . ,% �!!. 0�����!�/%�%�/��"���
 � ��� ��%&�:���L�<����/��# % + �1)","�)%�$ �� ��,��"!�/���-� ���"�2I�����
 ���"��!. ��&"�:���/3�
� ����&���)��)�&,���"��&. &�"/��&%�$ ���,!�����
�" ���$ �!������$ "��� -�!"�$ �# � � /,���� !"��� ��# "�,!��"�* %)�# 0�%3"3��� /0���
)",� &%�%� �����"�� -����!"�&��:���/�/%��� ��� ���<� /�* %)"�D � �"�%&�
�"�&� ��� !"3�� # �&���&%�$ !"�:�� /�!� �$ �,!��"����4"�&")� � ��%��� �&!. ���)"��
�# "����$ "�:�� ���� "� � ��")�* %�# ��# "��"B �%�")�:���/�� -��"��� � ��� ��
/��"�%�!�%��!"&&��# ���;�/%���"&3��3"3��# "�&,���"��&. &�"/� �,� %�. �&# � �!)�� "�
�,,�� 6 %/��"!. ����,!��"&�,"����# � ���&# %-����)��* � �&,���"��)",� &%�%� ��
&. &�"/&�&# � �!)�,�� 4"��)"B ���"��� �/""���# "�:���,!��"�,"��&# %-��� ��,���
-�� /��# "�)",� &%�%� ��&. &�"/&:�3�
�

� ���# "��H( ��" # �%B �"��&")�-� ���# %&�* � �+ 0���/� # �# %$ # "�� �,� %�. �%&�
,� &&%� !"3�� # "��4"��$ "�)",� &%�%� �����"�%����,�� )� �%� ��&. &�"/�* %!!�� "�
����/�/%��� 4"�����; /�* %)"��,"����"0���)"��* # % # ��# "�,!��"�%&�
���4"�&")�!"�$ �# * %&"3�� # �&�"� # �:�� /�!� �$ �,!��"� ���� "� � ��")�* %�# �
:���/�� -��"��� � ��� ��/��"�%�!�%��:3��/%���"&3�����))%�%� �0��# "�&. &�"/�%&�
�� !"��� � � �����,!��"&�&%/�!���"� �&!. �1&""�-%$ ��"�� 3<20�. %"!)%�$ ���
�# �� �$ # ,��� �,�� %!%�. �� -�����,!��"&�,"��&# %-��-� ����&%�$ !"�&. &�"/0�* "!!�%��
"6  "&&�� -��# "��"B �%�"/"��3�
� ���# %&��"�&� �0�%��%&��" � //"�)")��# ����# "�
)"4"!� ,/"���� -��# %&��" # �� !� $ . �� "�/� �%�� �")�,� &��,�� 5" �3�

                                                 
16 The aperture allows full width uniform coverage of the plate. 
17 Note that the second layer in a multilayer system is far thinner and therefore does not change this 
capacity. 
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� "&�!�&�� "&�!�&�� "&�!�&�� "&�!�&�LLLL�� �%4%�. �"2��"!!��&� !��%� ��� �%4%�. �"2��"!!��&� !��%� ��� �%4%�. �"2��"!!��&� !��%� ��� �%4%�. �"2��"!!��&� !��%� �����
�
? � �+ �� ���# %&�� �%4%�. �,�� $ �"&&")��  � �)%�$ ��� �,!����# �� �$ # � ����# "�
,�� 5" �3�� # "�� �"�. "���,�� 5" ��&�&,"�&%� ��,�� 4")�� "�"-% %�!0��&�� 6 %�" # �
 � ��%��")�4"��% �!�!�&"���� � !�)"4"!� ,/"���%��� �)"���� ��))�"&&��# "�-!���
,��"!�)%&,!�. �/��+ "�0��# "�"� . �&� !4%�$ �/��. �� -��# "��" # �% �!�%&&�"&�
,�"&"���%���# "�-%�&��)"&%$ ����%�3�
�
��%�%�!�,��  "&&���%�!&��� �,�� 4"��# "�!�&"��,���"��%�$ � �,�� %!%�. �� -��# "�
,�� ,� &")�!�&"��&. &�"/&�* "�"� � /,!"�")�"��!. �%���# "�,�� 5" ����)�
 � �-%�/")��# ���� ,�%/%&")�&���)��)�!�&"��,���"��%�$ �* � �!)�-�!!. �/""���!!�
�# "���,� %�. �� "�
�"4"��,�� 5" ���"B �%�"/"��&3����  "&&�,���/"�"�&�* "�"�
"&��� !%&# ")���)�,�� 4"���# ���/"��� ��"6  "")")��!!��# "�!�&"��,���"��%�$ �
$ � �!&���)� "!!�%&� !��%� ���"B �%�"/"��&0�%� !�)%�$ ��# "�/�5� ��� �%4%�. �
� � 5" �%4"&�� -������ * �!%�"�-�� ��� � ��� ��& �%� %�$ 0� !"���& �%� "�")$ "&0��"���
 � ��� ��& �%� "���)�# %$ # �4� !��$ "� "!!�%&� !��%� �:�3�
�
����� B �%�")��"* �!�&"�&�� -� � /,���� !"� �,�� %!%�. �1-� ���# "�&/�!!"���3��/�
6 ��3<�/�,�� )� �%� ��,��"!&2�)��%�$ ��# "�!�&��. "���� -��# "�,�� 5" ����)�# �4"�
,�� 4"���# "&"�,��  "&&"&�%��-�!!�,�� )� �%� �3��  � �)%�$ !. 0��!!��" # �% �!��%&+ �
�"$ ��)%�$ ��# "�,���"��%�$ �"!"/"���� -��# "���,� %�. �� "�
�"4"��
�"B �%�"/"��&�# �&�� ""��"!%/%���")3�
�
� # "��))%�%� ��!���%�!&��%/")����"&��� !%&# %�$ ��# "�4%�� %!%�. �� -�!� * "�� � &�� "!!�
%&� !��%� ����%��"� � ��" �%� ��& # "/"&�* "�"��!&� �&�  "&&-�!0�,�� 4%�$ ��# ���
�# "�!�&"��&. &�"/&�&," %-%")�-� ���# "�%�%�%�!���,� %�. �� "�
�"4"��,!����* � �!)�
� "� �,�� !"�� -�/""�%�$ ��# "�/� �"��)4�� ")0�� ���!� * "�� � &�0�,��  "&&�* %�# �
� �!. �/� )"���"�/� )%-% ��%� �:�3�
�
� # "�-%�&��14"��% �!�,��  "&&%�$ 2�!�&"���� � !�)"&%$ ����)�,�� �� �. ,"���%�!&��%$ �%&�
&# � * ��& # "/��% �!!. �%��
%$ ��"�� 3�3�� # %&��� � !��"�)%!. �/"��� ��"6  "")")��!!�
�# "�J��!%�"�� "B �%�"/"��&3�� # "�� �%!)���)���%�!&�,"�-� �/")�� ���# "��"&���%$ �
,�� 4")��# "�"--" �%4"�"&&�� -��# "�/� �"��)4�� ")�"!"/"��&��"B �%�")��� �
&�,,� ���4"��% �!�,��  "&&%�$ 0�"--" �%4"!. �)"
�%&+ %�$ ��# "��" # �% �!�"!"/"��&�
� -��# %&�)"&%$ �3�
�
����# "�&" � �)�1# � �%D � ���!2��� � !�)"&%$ ����# %$ # ����"�* �&�&�%!!�� # %"4")�� . �
�# "��&"�� -�& ���"�&��� �/� 4"��# "�� "�/&�B �% + !. 3�
� � ��,�%���* �&�+ ",��
/� )"&��� . ��# "��&"�� -�&,!%��/� �%� ���6 "&�1� ,�% &�� ��� �"��6 %&���)�,��"!�� ��
��� �# "�2���)�,!��"�-�  �!�,!��"�,� &%�%� �%�$ �* �&�&�%!!�� # %"4")�� . ��# "��&"�
� -��%��,� + &���)�-!� ��%�$ �� ,�% �# "�)&3���& # "/��% �� -��# "��* � �!�&"��# "�)�
4"�&%� ��� -��# "��� � !�%&�&# � * ��%��
%$ ��"�� 3<3�

                                                 
18 It should be noted that the trials were for standard glass based solar panel, the defined ‘baseline’ 
Capacity Ten-Seven product. Laser patterning of other product options within the overall Capacity 
Ten-Seven design remit was effectively covered under other projects and therefore required no further 
work within this Activity.  
19 Long term stability and reliability of the alternate scheme will need to be proven before committing 
to the revised process. These trials were beyond the scope and duration of the project. 
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�� &��&��)%"&�# �4"�� ""�� � /,!"�")�-� ��� � �# �&. &�"/&3�� # "&"� � �-%�/��# ���
�# "��"* �)"&%$ ��%&�"6 ," �")��� � � &���� � ������+ R 0�&� /"�:��+ R �!"&&��# ���
�# "�"B �%4�!"���-%�&��)"&%$ ���� � !3�
�
���&# � �!)�� "��� �")��# ����# "&"��� � !&���"��� * � � //"� %�!!. ��4�%!�� !"�-�� /�
� 6 %�" # 0�&� # �* �&��# "�&�  "&&�� -��# %&�"!"/"���� -��# "�,�� 5" �3�� # "�%�%�%�!�
 � //"� %�!�� " # �% �!��," %-% ��%� ��� -��# "�&" � �)�1# � �%D � ���!2�!�&"���� � !�
%&�%� !�)")��&�����,,"�)%6 ��� ��# %&��",� ��3�
�
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;3�� ���� ���J	;3�� ���� ���J	;3�� ���� ���J	;3�� ���� ���J	 ����
�
�!�# � �$ # � � �&���%�")�� . �/� �"�!%/%�")��%/"0�"B �%,/"�����)�-� %!%�%"&�
�4�%!�� %!%�. ��# ���� �%$ %��!!. ����% %,��")0��# "���� 5" ��* � �+ �# �&�� ""��
 � � !�)")�&�  "&&-�!!. ��� �/""���# "���� 5" ��$ � �!�� -�)"-%�%�$ ��# "� �%�% �!�
"!"/"��&�� -��# "���,� %�. �� "�
�"4"��,�� )� �%� ��,!����)"&%$ �3�
�
@�� �)!. 0��# "�� �� � /"�� -��# "�* � �+ �&# � * ")��# ����# "�,�� 5" ��,�" ",��* �&�
 � ��" �3��3"3� � � "�����%�$ �� ��� ,�%/%&%�$ � "!!�&��� ���"���)�,!����)"&%$ ���� �
� # %"4"�� "&��� 4"��!!�,�� )� �%� ��"--% %"� . 0��&�� ,,� &")��� �� "&���� �
 � �4"�&%� ��"--% %"� . 0� � �!)�,�� 4%)"��# "�� �&%&�-� ����# %$ # !. � � &��
 � /,"�%�%4"�&� !����� �,�� )� �3�
�
> � * "4"�0�����# "�)"��%!�!"4"!0�&� /"�� -��# "��"&�!�&�)%)��� �� � �-� �/��� �� ���
%�%�%�!�"6 ," ���%� �&3�� # "&"���"�)%& �&&")�%��)"��%!�� "!� * 3�
�
� %& �&&%� ��� %& �&&%� ��� %& �&&%� ��� %& �&&%� ��LLLL�� �%4%�%"&��2�
��)�/"���!����� �%4%�%"&��2�
��)�/"���!����� �%4%�%"&��2�
��)�/"���!����� �%4%�%"&��2�
��)�/"���!����)%"&���)�-2���%�%�!�� "&%$ �����).�)%"&���)�-2���%�%�!�� "&%$ �����).�)%"&���)�-2���%�%�!�� "&%$ �����).�)%"&���)�-2���%�%�!�� "&%$ �����). ����
�
� # "�* � �+ ���)"���# %&�� �%4%�. �!��$ "!. � � �-%�/")�%�%�%�!�"6 ," ���%� �&�
�"$ ��)%�$ ��# "�!%+ "!. �� ,�%/�/� "!!�&��� ���"&���)��# "�,!�����# ���* � �!)�� "�
�"B �%�")��� �,�� )� "��# "&"�L����!"�&��* %�# %���# "�,�� 5" �� � �&���%��&3�� * � �
"!"/"��&�$ �4"��# "�"6 ," �")�� ,�%/�/�&� !��%� �0��# � �$ # �-� ��&�� &����%�!!. �
)%--"�"����"�&� �&��� ��# � &"��# ���# �)�� ""��"6 ," �")3�
�
� # "�-%�&��* �&��# ����# "�)��!�5�� �%� ��&��� ���"�,�� 4")�-���/� �"� � &��
"--" �%4"��# ����# "�&���)��)�&%�$ !"�5�� �%� ��,��"!. �� ���# "�� �&%&�� -�
,�� )� �%� �� � &��L�%��-� �0���&/�!!�)�� ,���,"�-� �/�� "�* �&��� !"��� !"�* # "��
 � �&%)"�%�$ ��# "�� # %"4"/"���� -��# "�EF �? G����$ "�&3�� # %&�# �)�/�5� ��
1� "�"-% %�!2��","� �&&%� �&�* %�# %���# "�!��"���"/% � �)� �� ��� ",� &%�%� ��
� �%4%�. �1�",� ��")�!��"�23�
�
� # "�&" � �)�* �&��# ���&� /"�%�%�%�!� � � "��&��"$ ��)%�$ �/%6 %�$ �%�
!%�"���)�
� �� # �,��  "&&%�$ ���%�&�,�� 4")���-� ��)")0�* %�# ��# "� � /� %���%� ��,!����
,�� 4%�$ ��� �� "��# "�� ,�%/�/�)"&%$ �0�"&," %�!!. �-�� /����"!%�� %!%�. ���)�
4"�&��%!%�. �,� %���� -�4%"* 3�� &&"��%�!!. 0��# "��"")��� �E� �--"�G�&��  + &�� -�,!��"����
"%�# "��"�)�� -��# "�� �� # �,��  "&&"&�,�� 4%)")���/"��&�� -�%/,�� 4%�$ �,!����
�"!%�� %!%�. ��# � �$ # ��# "�,�� 4%&%� ��� -�E# � !)G�,� %��&��� � � ,"�* %�# ��# �� �$ # ,���
)%&��,�%� �3�� # "&"�* "�"��!�%/��"!. ��","��")�%���# "�)"&%$ ������# "�%�
!%�"�
&. &�"/&���)�* � �!)��!&� �# �4"�# �)��� �� "�%/,!"/"��")�%����-�!!. �%�
!%�"�
,!������ �� # %"4"� � /,���� !"��"!%�� %!%�. 0�"&&"��%�!!. �"�� )%�$ ���. � � &����)�
�# �� �$ # ,���� "�"-%��-�� /��# "�!���"�3�� # "��))")�4"�&��%!%�. �� -��# "�/� �"�
/� )�!���E� �� # G�� �&")�,!�����!&� �/� �"��"�)%!. �&�,,� ��")��!�"����"�!��"��
,�� )� ��� ���" # �� !� $ . ��,$ ��)"3�
�
�&�"6 ," �")0��# "����!. &%&��!&� �&# � * ")��# "�&"/% � �)� �� ��)",� &%�%� ����)�
 "!!�%&� !��%� ��!�&"��,���"��%�$ �&. &�"/&��� �� "��# "�%�"/&�/� &���"B �%�%�$ �
)"4"!� ,/"���* %�# %���# "�,�� 5" �3�
�� �����)��"��� � ��� ���" # �� !� $ %"&�
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* "�"��!&� ��))�"&&")�&",����"!. ��&�,!���")0��!�# � �$ # ��# "&"�)%)��� ��. %"!)�
�# "�"6 ," �")�� �� � /"&�1�&��",� ��")�� "!� * 23�
�
? %�# %���# %&�� �%4%�. 0��# "�-%��!�* � �+ ��))�"&&")��# "�%�-��&��� ���"��"B �%�")�
-� ���# "���,� %�. �� "�
�"4"��,!���3�� # %&�# �&��� * �� ""��-�!!. ��&&"&&")���)0�
* # "�"��" "&&��. 0�)"-%�")�� ��&," %-%")3��," %-% ��%� �&�# �4"�� ""��� � ��%�")�
-� ���� //"� %�!�J--�� # "��# "!-�1�J� �2�&� !��%� �&�-� ��-���# "��+ ". �&. &�"/&�
�# ���* "�"�%)"��%-%")��&��"")%�$ � � �-%�/��%� ��� -�,"�-� �/�� "���)��# "&"�
# �4"��!!�� ""���&&"&&")��&�/""�%�$ ��# "���,� %�. �� "�
�"4"��,!����
�"B �%�"/"��&3�� # "&"���"����� /��")�* �&# �-� %!%�. 0�%��"��,��  "&&�,!��"�
# ��)!%�$ ���)�����&,� ��0�� �--"��&�� ��$ "���)����� /��")�&� !����
� ��"&�"�3�
J,�%� �&��# ���# �4"�� ""��%)"��%-%")�-� ��� �# "��&. &�"/&���)�)"&%$ �� # ��$ "&�
# �4"�� ""��,���� ��# � !)0��&��# "�� ,�%/�/�&� !��%� ��* %!!�)","�)�!��$ "!. �� ��
!"$ %&!��%� ����)��J� ��&. &�"/&��4�%!�� !"�����# "��%/"�� -�-%��!�,!����)"&%$ �3�
� # "&"���"��# "�# �D ��)� �&�$ �&��� ��"/"���&����"$ . �1���J� ���" # �%B �"&0�
/�!�%,!"��J� ��"B �%,/"����4�%!�� !"2���)��# "�$ �&�,��"!��"
"�$ %�""�%�$ �
1 ���"���)"&%$ �&�/""��&�-"�. �!"$ %&!��%� �0�)"&,%�"��,,"��%�$ ���&�-"��� ��&I�
�"
"�$ %�""�%�$ �* � �!)��"")��"* �&�-"�. ��,,�� 4�!&23�
�
� # "��"/�%�%�$ �)" %&%� �&��"$ ��)��# "�-%��!�,��  "&&�-!� * ���)�&. &�"/&�
%��"$ ���%� ���� �� "��)� ,�")0���)���"�&��� �$ !. �)","�)"����,� ���# "�-%��!�
,�� )� �1&2��# ����# "�,!����* %!!�,�� 4%)"3�� # %&�%&� ���"��!. ���)" %)")���)�* "�
# �4"��# "�"-� �"�+ ",���# "�� ,�%� �&��&�� ,"��� �%� �&�-� ��-���# "�� � �&%)"���%� ��
� ". � �)��# "�,�� 5" �3�
�
� %& �&&%� ��� %& �&&%� ��� %& �&&%� ��� %& �&&%� ��LLLL�� �%4%�. �� 2�
�� ����� ��� ��� ",� &%�%� ��� �%4%�. �� 2�
�� ����� ��� ��� ",� &%�%� ��� �%4%�. �� 2�
�� ����� ��� ��� ",� &%�%� ��� �%4%�. �� 2�
�� ����� ��� ��� ",� &%�%� �����
�
� # "�-%�&��-�� ��� � ��� ���&&"&&/"����",� ��� � � !�)")��# ����# "�"�* �&�!%��!"�
�� � # � � &"�� "�* ""��� � �$ # ��%���%��� 6 %)"� � ��")�$ !�&&���)�%�
# � �&"�
,�� )� �%� �I� � &����)�&" ��%�. �� -�&�,,!. �-�4� ��")�%�
# � �&"�,�� )� �%� �0�
� ����# %&�* �&�� --&"��� . ��"!%�� %!%�. � � � "��&���)����"&� !4")� � &/"�% �
%&&�"&�* %�# ��# "��4�%!�� !"����� � �"B �%,/"��&��3��  � �)%�$ !. 0�%��* �&�
�" � //"�)")��# ����# "���,� %�. �� "���"4"��,!����� �. �%�� � //"� %�!!. �
�4�%!�� !"�,�� )� �0����!"�&��%�%�%�!!. 3�
�
� # "�!��"���))%�%� ��� -�D %� �� 6 %)"��&���-����"�,�"-"��")�-�� ��� � ��� ��
� ���!!. �&��"�$ �# "�&��# "���$ �/"���%��-�4� ���� -��# "�E� �. �%�G�� ,�%� �3�� # "�
D %� �� 6 %)"�,��  "&&�%�&"!-0��# � �$ # �,� �"��%�!!. �. %"!)%�$ ���:�K �
�:;K �
%/,�� 4"/"���%�� "!!�,"�-� �/�� "�-� ���� �&%$ �%-% �����))%�%� ��!� � &�0�%&�
5�)$ ")��� �� "����%�&�--% %"��!. �/����"��" # �� !� $ . ����,�"&"��3�� # "�!"4"!�� -�
�%&+ �%�� # ��$ %�$ ��� ��# %&�/��"�%�!0��# � �$ # �� �!. �/� )"���"0�/�$ �%-%"&�

                                                 
20 On cost, coating in-house would be cheaper only if operating at full capacity. However, as soon as a 
situation arises where the plant falls below capacity the cost benefits reverse and the return on 
investment begins to look poor.  If we also take into account the fact that we are unsure of the yield on 
the in-house processed glass in large areas, and given that the manufacturer would not be willing to put 
a guarantee on this, we conclude that the risk in purchasing a £1.5m in-house APCVD plant is high and 
not recommended. 
 



 
 

Page 46 of 73 

,� �"��%�!�,�� � !"/&�* %�# ��
�%�)",� &%�%� ��,��  "&&�� ,�%/%&��%� ����)�
�# "�"� . ���%&"&�� 4"��!!�,�� )� �%� ���%&+ ��� ���# %$ # �!"4"!3�
�
> � * "4"�0�%��%&�# %$ # !. �,�� � �� !"��# ����# %&�&%����%� ��* %!!� # ��$ "�%���# "��"6 ��
-"* �. "��&��&��# "�"�%&�&�� &����%�!�� �)"/% ���)� � //"� %�!�� P � �%��
,�� $ �"&&��� �)"4"!� ,��# "�/��"�%�!���)� � //"� %�!�,��  "&&"&3���� # �&"�� -�
������� � �&. &�"/�-� ���%��� 6 %)"�)",� &%�%� ������# %&��%/"�* � �!)� � �&�/"�
 �,%��!��# ���/%$ # ��� "�� "��"��&,"���!��"��� ����D %� �� 6 %)"�)",� &%�%� ��&. &�"/3�
� ��%!��# "�D %� �� 6 %)"��" # �� !� $ . �%&�/� �"�/����"�L���)��# "� � &�
� "�"-%��
� �!�� "�/� # � !"��"��L�%��* � �!)��# "�"-� �"�� "���* %&"��� � � //%���# "�,!����
�� ���,���% �!����" # �� !� $ . 3�
�
� # "�� �. �%��� -� � //"� %�!�,�� )� ��# �&��# "�&� !"��%&+ �� -�&" ��%�. �� -�&�,,!. 3�
> � * "4"�0�%��/%�%$ ��%� ���# "�"���"�/�!�%,!"�&� �� "&�� -�&�,,!. ���)��# "��%&+ �
%&�5�)$ ")��� �� "�!� * 3�� � �+ "",��# %&�%�� � ��"6 �0��# "��%��� 6 %)"� � ��")�$ !�&&�
-"")&��  + ��"")")�-� ����:�7 ? �&� !���/� )�!"�,!���� ���� "�,�� )� ")�� . �
� �"�4"�)� ��%����-"* �)�. &�� -�,�� )� �%� �3��))%�%� ��!!. �&�,,!%"�&�# �4"�� ""��
)"/� �&���� !. �* %!!%�$ ��� �)"4"!� ,��# "%��/��"�%�!��� �/""��&," %-% � �&�� /"��
�"B �%�"/"��&�1-� ��!��$ "�,�� # �&"&2���)�%��&# � �!)��# "�"-� �"�� "�,� &&%� !"��� �
� � ��%��� ,�%/%&")�,�� )� ��-� ���# "���,� %�. �� "�
�"4"��,!����* %�# � ���
%� ���%�$ �%�
# � �&"�)"4"!� ,/"��� � &�&3�
�� /���,"�-� �/�� "���)��%&+ �
4%"* ,� %��0��# "�E� �. �%�G�� ,�%� ���# "�"-� �"��"/�%�&��# "��" � //"�)")�
 # � % "3�
�
> � * "4"�0�%��%&��!&� � !"����# ����# "� ���"���)"4"!� ,/"��&�%��-�� ��� � ��� ��
�" # �� !� $ %"&��"")��� �� "� !� &"!. �* �� # ")0��&��# "�&%����%� �� � �!)� # ��$ "�
��,%)!. 3����,���% �!��0� � ��� ��&# � �!)�� "�/�)"�* %�# �� ��6 %&
@�!D "�&��� �
"&��� !%&# �* # "�# "��/��"�%�!&� � �!)�� "�� B �%�")�-� ��%�
# � �&"���%�!&��&�
)%�" ��"6 ,"�%"� "�� -��&%�$ ��# "�/��"�%�!�%&�!%+ "!. ��� �,�� 4%)"���/� �"�
%�-� �/")0� # ��$ ")��&&"&&/"���� -��# "��" # �� !� $ % �!��%&+ 3�
�
� %& �&&%� ��� %& �&&%� ��� %& �&&%� ��� %& �&&%� ��LLLL�� �%4%�. � 2��"/% � �)� �� ��� ",� &%�%� ��� �%4%�. � 2��"/% � �)� �� ��� ",� &%�%� ��� �%4%�. � 2��"/% � �)� �� ��� ",� &%�%� ��� �%4%�. � 2��"/% � �)� �� ��� ",� &%�%� �����
�
J4"��!!0��# %&�* � �+ �,�� $ �"&&")��"����� �,!��0�)"&,%�"���"6 ," �")�)"!�. &�
��)�,��  "&&� � /,!"6 %�%"&0�)"!%4"�%�$ ��# "��"B �%�")�%�-� �/��%� ����)�
�"&�!�&��� �)"/� �&����"��# "�4%�� %!%�. �� -��# "�,!���")���,� %�. �� "�
�"4"��
,!�����"/% � �)� �� ��� ",� &%�%� ��,!������)�,��  "&&�L���)��!�5�� �%� ���
�%�
� �&")� "!!�)",� &%�")��&%�$ ���� �� # �!� �)0�!� * � � &���� �� � �&. &�"/3�
�
� # "�%�%�%�!� "!!���)�/��"�%�!&�&"!" �%� ����%�!&�,�� 4%)")�&� /"���"6 ," �")�
�"&�!�&3�? "�* "�"��"4"���� !"��� �� # %"4"��# "�"6 ," �")�:�K �� "��"��%�%�%�!�
&� !��� � �4"�&%� ��,"�-� �/�� "�-�� /��# "�)��!�5�� �%� �� "!!&�1 � /,��")��� �
&%�$ !"�5�� �%� ��"B �%4�!"��&20�)"&,%�"���. %�$ ���* %)"����$ "�� -�� ,�%� �&�
�",� ��")�%���# "�!%�"�����"3�J���-%��!��&&"&&/"���� -��# %&�* �&��# ���L��&�%���# "�
 �&"�� -��# "�@� + ��� ��� ��* � �+ �L��# %&�$ �%�� � �!)�� �!. �� "��"�!%&")�� . ����
%��"$ ���")�,�� $ ��//"�� -�� 4"��!!� "!!�� ,�%/%&��%� �0�%3"3�� �"��# ����))")�%��
 � ��� ��/��"�%�!&�4��%��%� ���� ��# "� "!!�� ,�%/%&��%� �3�? %�# %���# "��"&� �� "�
��)��%/"�!%/%�&�� -��# "�,�� 5" �0��# %&�* �&��� ��-"�&%� !"3�



 
 

Page 47 of 73 

> � * "4"�0�� # %"4%�$ �%/,�� 4")�,"�-� �/�� "�* �&��� ����/�5� �����$ "��� -��# "�
)��!�5�� �%� ��)"4"!� ,/"��0��&��# %&�* �&��� ���# "�� �&%&�� -��# "� � &��&�4%�$ &�
�# �����)"�,%��")�%�&�&"!" �%� ���&��# "�,�"-"��")�� ,�%� �3�� # "���,� %�. �� "�

�"4"��-�� �% ��%� ��,��  "&&��"B �%�")�� �!. ��# ���,"�-� �/�� "�� "�"B �%4�!"���
�� �&%�$ !"�5�� �%� ��,"�-� �/�� "�L�%��* �&�-���/� �"� �%�% �!��# ����# "�
)",� &%�%� ���%/"�� "��� �/� �"��# ���<�# � ��&���)��# ����� ����&��!�� ��
"6 ,"�&%4"�/��"�%�!&�� ��,��  "&&"&�� "��"B �%�")�%��%�&�-�� �% ��%� �3��&�
�",� ��")0��# %&�* �&�� # %"4")0��!!� * %�$ � � � "�����%� ��� ���# "�&" � �)�
�&," ��� -��# "�* � �+ 0�,�� 4%�$ ��# "�!� * � � &��)",� &%�%� ��)"&%$ �3�
�
J� "��# "�( ���* �&�%���&"0��# "�� # %"4"/"���� -�� �&% ���%-� �/�)",� &%�%� ��
 � �)%�%� �&�* �&���/� �"� � /,!"6 �,�� � !"/��# ���� �%$ %��!!. �"�4%&�$ ")3�� # %&�
* �&�)�"��� ��# "�"6 ," �")� � /,!"6 �%��"�)","�)"� "�� -��# "� � ���%� ��%�$ �
,��  "&&� � �)%�%� �&0� � /,� ��)")�� . �,�"4%� �&!. ���)"�"&�%/��")�$ �&�-!� * �
%/,� ��� ��%�)% ��")�,��  "&&�,�"&&��"3�1� # "�!���"���",�"&"��&�&%$ �%-% ����
�"* �,��  "&&�O+ �� * 
# � * O���)�%&���4�!��� !"�� �� � /"�� -��# "�( ���* � �+ �%��
%�&�� * ���%$ # �32�
�
? %�# ��# "�,��  "&&�%�)� ")���%-� �/%�. �%&&�"&��"&� !4")0��# "�( ���-%��!!. �
&# � * ")�����/� "��� -��"/�%�%�$ �&� �� "&�� -�/%�� ���� �
��%-� �/%�. I��&�
�# "&"�* %!!�)"��%/"���!!. ��--" ��-�!!�&%D "�,��"!0��# ". ��"")��"&� !4%�$ �* %�# %����
,�� )� �%� ��)"&%$ �3�� # "�)"&%$ ���"B �%�"/"��&�# �4"�� ""��)"�"�/%�")���)�
 � �!)�%)"�!!. �� "���%�!!")�* %�# %���# "�"6 %&�%�$ �( ���,�%� ���� � � //%��%�$ ��� ���
�"* �,�� )� �%� �� # �/� "��)"&%$ �3�
�
�&&�/%�$ ��# ����# "&"�)"&%$ �� # ��$ "&���"�%/,!"/"��")0��# "�&/�!!"����"��
�� � # ��� �"�%&��%� ��# �&�&# � * ���# ����# "�"���"��� �%���%�&% �)%--% �!�%"&�* %�# �
)",� &%�%�$ �$ � � )�B ��!%�. ��
�%�� �&")�&� !����� �5�� �%� ��)"4% "&�L�&%�$ !"���)�
)��!�5�� �%� ��L�* %�# %���# "�( ���� � � ���%�3����!. &%&�� -��# "� ���"���� "&��
,��  "&&�&%�$ !"� "!!��
� �� "# �4%� ���&# � * &��# ����# "�"�%&�&�%!!�,� �"��%�!�-� ��
%/,�� 4"/"��3��"�%"&��"&%&��� "�%&�# %$ # "���# ���%)"�!0�!"�)%�$ ��� ���
/")%�  �"�-%!!�-� �� ��1�3;�� 3-3��3�;����$ "�23�A � � )�,"�-� �/�� "�%&�&�%!!�
� # %"4")��&����"&�!��� -���4"�. �$ � � )��& �%��"6  "&&�� -�:</�� /����)�$ � � )�
� �  �� -��3��� �,"�� "!!3�@�&")�� �����!. &%&�� -�,�%� ��,��  "&&�%/,�� 4"/"��&0�
�# "�%�)% ��%� �&���"��# ����# "�,�1��)�� 2�!�. "�&���"�&�%!!��# % + "���# ���
� ,�%/�/3�� # �&�-���# "��,��  "&&�)"4"!� ,/"���&# � �!)��"�)%!. �� "��� !"��� �
� # %"4"�"6  "!!"���&%�$ !"� "!!�,��"!�,"�-� �/�� "�-�� /��# "�( ��3�
�
J4"��!!��# "�"-� �"0��# "�)"&%$ ��&%/,!%-% ��%� �&�1��)� � //"�&����"� �,%��!�
 � &���")� �%� �&2�� �%!��%��� ��# "�( ���# �4"�,�� 4"��4%�� !"���)��# "�( ���# �&�
� # %"4")�%�&�,�� 5" ��� � 5" �%4"&�� -�)"-%�%�$ ���!� * � � &��� ,�%� ��-� ���# "�
)",� &%�%� ��� -��# "��
�%�&"/% � �)� �� ��!�. "�&�-� ���# "���,� %�. �� "�
�"4"��
,!����)"&%$ �3�
�
J�"�-%��!��&," ���"")&�-���# "�� � �&%)"���%� �9��# "�:�. "���)"!�. �%���# "�
,�� 5" �0� � �,!")�* %�# ��� ���"���,� � ��/��+ "��-� ��4� ��/���)��� �
)",� &%�%� ��&. &�"/�&�!"&�L�"&," %�!!. �* "!!�"&��� !%&# ")�O/����"O�&. &�"/&�
�# ���# �4"��!�"�). ��" � �,")��# "%��)"4"!� ,/"��� � &�&�
�# �&��")� ")��# "�
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 � &��� -�&�%��� !"��� //"� %�!�J--
�# "
�# "!-�1�J� �2���%�&�&�� &����%�!!. 3��&�
&� # 0��# "� � &��&�4%�$ &�%/,!% %��%���# "�( ���/�. ��� �!� �$ "���",�"&"����# "�
� "&�� � &�
�%&+ �� �!�� "�-� ���# "�-����"�,!���3�� # %&��&," ���"")&��"4%&%�%�$ �
� "-� �"� � //%��%�$ ��� �&�� &����%�!�* � �+ �� ���# "��"* �)"&%$ ��� ��� �%!)�� -��# "�
( ���,�� )� �%� ��&. &�"/3�
�
� %& �&&%� ��� %& �&&%� ��� %& �&&%� ��� %& �&&%� ��LLLL�� �%4%�. �)2�� "����� ��� ��� ",� &%�%� ��� �%4%�. �)2�� "����� ��� ��� ",� &%�%� ��� �%4%�. �)2�� "����� ��� ��� ",� &%�%� ��� �%4%�. �)2�� "����� ��� ��� ",� &%�%� �����
�
�!�# � �$ # � � �&���%�")�� . �/� �"�!%/%�")�"B �%,/"�����)�-� %!%�%"&�
�4�%!�� %!%�. ��# ���� �%$ %��!!. ����% %,��")0��# "���� 5" ���"��� � ��� ��* � �+ �# �&�
� ""�� � � !�)")�&�--% %"��!. ��� �/""���# "���� 5" ��$ � �!�� -�)"-%�%�$ ��# %&�
"!"/"���� -��# "���,� %�. �� "�
�"4"��,�� )� �%� ��,!����)"&%$ �3�� # "��"4%"* �
� -�& �!"��,�� ,�%� �&�-� ���# "� ���"�������,��  "&&0�� � + ")��,�� . ���%�!&�* � �+ 0�
&# � * &��# "�-!�&# �"4�,� ���%� ���� ��"��� �� "����"�!%&�% �-� ���# "�,��"!�&%D "&�
��)��# �� �$ # ,����"B �%�")3�
�
� # "�&,���"��)",� &%�%� ���� ��"��"/�%�&��# "�� "&��L���)�!� * "&���%&+ �L�
 ��)%)��"��"��� � ��� ��)",� &%�%� ���� ��"3�J�����%�!&�# �4"�&# � * ���# ����# "�"�
��"��� �%�# "�"���,�� � !"/&�* %�# �"%�# "���# "�/��"�%�!&�� ��&. &�"/&��"B �%�")�
-� ���# %&0��!!��" # �% �!���)� � //"� %�!��"B �%�"/"��&�� "%�$ �-�!!. �/"��� . �
 ���"����J� ��%�
!%�"�&. &�"/&3�
�
����# %&��%/"0��# "�"��,,"��&��� �� "�!%��!"�� "�"-%���� � # ��$ %�$ ��# "��"��� � ��� ��
-�� /��# "� ���"���&%�$ !"��!�/%�%�/�!�. "���� �/� �"�)"/��)%�$ �/�!�%
!�. "��
� ,�%� �&3�
� ���# "� ���"������� "!!�&��� ���"&0�* "�# �4"�� ""������ !"��� �
)"/� �&����"���. �&%$ �%-% ����,"�-� �/�� "�%/,�� 4"/"����� �� --&"���# "�
�))%�%� ��!� � &�3�
�
� # %&�%&� !"��!. � � �����. ��� ��",� ��")�� P � �� . ���!��$ "���/� "��� -�# %$ # � !�&&�
� �)"/% ���)�%�)�&��%�!�!�� � ���� �%"&3�? "��&&"&&��# "��"�&� ��-� ���# %&��&�
� "%�$ ����"")��� �� ,�%/%&"��# "��"/�%�%�$ � "!!�!�. "�&�L��# "�-�� ��� � ��� ����)�
�
�%9> �5�� �%� ��&��� ���"�L�%�)%4%)��!!. �-� ��"� # �/��"�%�!� � /� %���%� �I�%3"3�
�# "��)4����$ "�� -��# "��"��� � ��� ��& # "/"&� ���� �!. �� "��"�!%&")�%-��# "��� �
)"4% "��&���* # � !"�%&�-�!!. �� ,�%/%&")�-� ���# ����"��� � ��� �3����%&�!%+ "!. ��# ���
�# "�� �&"!%�"�����5�� �%� ��,��  "&&�# �&0�� 4"���# "�. "��&0�� ""��� ,�%/%&")�
&� # ��&��� �� "��"!��%4"!. �%�&"�&%�%4"��� ��"��� � ��� ��4��%�� %!%�. 0��# "�"-� �"�
/�+ %�$ �%�������&�%��� !"��"&��4"# % !"�-� ���# "���%�!&3�
�
��-�!!��� �)"4% "�� ,�%/%&��%� ��,�� $ ��//"�-�!!&�� ��&%)"��# "�& � ,"�� -��# "�
,�� 5" ��L��# "�"���"���&%$ �%-% ������/� "��� -�%��"�� �%�$ �/��"�%�!&���)�
,��  "&&%�$ �4��%��%� �&��# ���* � �!)��"")����"&�%/��")�:��/� ��# �
,�� $ ��//"�� -�* � �+ ��� �� # %"4"��# %&3�A %4"���# "��,,��"��!. �/��$ %��!� � &�

� "�"-%���# ���%&�!%+ "!. ��� ��  ��"�1� �&")�� ��!%�"�����"�&��)%"&20��# %&�* � �+ �%&�
�� �� � �&%)"�")���,�%� �%�. �����# %&��%/"3��  � �)%�$ !. 0��# "�-%��!�&��$ "&�� -��# "�
�"��� � ��� ��* � �+ �� �%4%�. �-�  �&&")�� �� !��%-. %�$ ���. �,�� )� �%� ����)�
,��  "&&��)4����$ "&�� ��%&&�"&��# ���/%$ # ����%&"�-�� /��# "��&"�� -��# "�&,���"��
)",� &%�%� ���" # �� !� $ . 3�
�
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> � * "4"�0�$ %4"���# ���� �# "���"&"�� # "�&���)�/���-� ���"�&���"��� !"��� �
�"�!%&"�� "�"-%�&�-�� /�&� # ��" # �� !� $ %"&0�%��* � �!)�� "�,��)"����� �"�&��"�
�# ����# "���,� %�. �� "�
�"4"��,!����&,���"��&. &�"/&�# �4"� �,�� %!%�. ��� �
�"��� -%��� ��� "��,$ ��)")��� ��* � ����$ "��&. &�"/&3�7 � &�� ���"����J� ��%�
!%�"�
&,���"��)",� &%�%� ��&. &�"/&�* %!!�&�,,� ����,$ ��)"��� �/�!�%,!"����$ "��
&. &�"/&�-� ��/�!�%
!�. "���"��� � ��� ��& # "/"&��&���)�* # "���# "&"���"�
)"4"!� ,")�%���# "�,!���3�
�
> � * "4"�0��# "�,� "�� -�)"4"!� ,/"���� -��"��� � ��� ���" # �� !� $ . ��"/�%�&�
# %$ # 0�* %�# ���&%$ �%-% ����� P � �"--� ���� "%�$ �"6 ,"�)")�� ��-%�)%�$ �/"��&�-� ��
"6 ��� �%�$ �/� �"�,"�-� �/�� "�-�� /�"6 %&�%�$ � "!!�/��"�%�!&���)�&��� ���"&3�
�&�&� # 0�%��* %!!��!&� �� "�,��)"����� �/�%���%����* �� # �� ���# "�/� &��
,�� /%&%�$ � ��)%)��"&�%���# "�-%"!)0�,���% �!��!. ��# "�D %� �� 6 %)"���)%--�&"�
�"-!" �� ��& # "/"�)"& �%� ")�%���# %&��",� ��3�
�
���&�//��. 0��# "�&,���"��)",� &%�%� ���" # �%B �"�/""�&��!!��# "��"B �%�"/"��&�
-� ���# "���,� %�. �� "�
�"4"��,!����)"&%$ ����)�%&��  � �)%�$ !. � � �-%�/")��&�
��!� * ��%&+ �� ,�%� �3���� 4"���J� ��&. &�"/&�"6 %&��-� ���# "�-�!!����$ "�� -�
/��"�%�!&��&")�� . ��� �/���-� ���"�&0��!!� * %�$ �!��"��%��"$ ���%� ��� -�,�� 4"��
/�!�%!�. "��& # "/"&�* # "���# "&"���"�)"4"!� ,")3�
�
� %& �&&%� ��� %& �&&%� ��� %& �&&%� ��� %& �&&%� ��LLLL�� �%4%�. �"2��"!!��&� !��%� ��� �%4%�. �"2��"!!��&� !��%� ��� �%4%�. �"2��"!!��&� !��%� ��� �%4%�. �"2��"!!��&� !��%� �����
�
� # "��"!!��&� !��%� ��* � �+ � !"��!. �)"/� �&����")��# "�$ �"����)4�� "&�%��!�&"��
,���"��%�$ ��# ���# �4"���+ "��,!� "�%���# "�!�&��)" �)"3�� # "�,���"��%�$ ���)�
%&� !��%� �����$ "�&�&"��%���# "�%�%�%�!�,�� 5" ��J��!%�"�� "B �%�"/"��&�-� ���# "�
!�&"���� � !0��# � �$ # ���/�5� ��%/,�� 4"/"���� ���# "����"�&� !���-� �� �. �
&. &�"/&� �,�� %!%�%"&�����# ����%/"0�,�� 4")� � /,����%4"!. �"�&. ��� �/""��L�� ��
$ �"��!. �"6  "")�%��&� /"� �&"&�L�* %�# ��"* �!�&"���" # �� !� $ %"&3�
�
� # �&��# "�� �%4%�. �!��$ "!. �-�  �&&")�� ��� # %"4%�$ � � &��"--" �%4"�)"&%$ �&��� �
� # %"4"�# %$ # ��# �� �$ # ,�����)��"!%�� %!%�. 0��!!� * %�$ ��* � �&�� &����%�!!. �
)%--"�"���� ,�%� �&��� �� "��&&"&&")�%��)"��%!3�
�
� # "�-%�&��)"&%$ ��-�!!. �/"���# "�,�� 5" ��J��!%�"�� "B �%�"/"��&���)���%�!&�� -�
�# "�/" # ��%&/&��"")��� ��!!� * ��# "��"B �%�")�4"��% �!�,��  "&&%�$ �* "�"�
�� ��!!. �&�  "&&-�!3�� # %&��!!� * ")��# "�,!���")�� "&%$ ����"���%� ��&��$ "��� �� "�
�&")��� �!� � + ����� �# "��� ,�%� �&�-� �� � &���")� �%� �3�
� # "�&" � �)�)"&%$ ���%/")��� ��")� "�"B �%,/"��� � &��* %�# � ���
 � /,�� /%&%�$ ���. ���"�&�� -�,"�-� �/�� "0��# �� �$ # �,��  "&&%�$ ��# "�&� !���
,!��"�# "!)�# � �%D � ���!!. 3�� # %&�* �&��!&� �� # %"4")3�
�
> � * "4"�0��# "�"���"���-���# "��%&&�"&��# ����"")��� �� "���+ "��%��� �
 � �&%)"���%� ��* # "�� � /,��%�$ ��# "�)"&%$ �&3�
%�&�!. 0��# "��"/�%�)"��� -��# "�
��,� %�. �� "�
�"4"��,!����%&� ���"��!. �,!���")��� �,��  "&&���)�����&-"��
$ !�&&�# "!)�4"��% �!!. 0��"B �%�%�$ ��# "��))%�%� ��� -�E�"
� �%"����%� �G�&��$ "&��� �
�# "�&" � �)��� � !0�����))%�%� ��!� � &��"&�%/��")������+ R 3��" � �)!. 0���� -��# "�
!�&"��,���"��%�$ �&�",&�* %!!��"B �%�"��# "�)",� &%�")�-%!/&��� �� "�%�� � ��� ��
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* %�# ��# "�����&-"���� !!"�&�� -��# "�# � �%D � ���!��� � !�)"&%$ �I��# %&�/�. �%�)� "�
�� ��&%� ��)�/�$ "0�,���% �!��!. ��� ��# "��
�%�-%!/0���)��# "�"� . �"--% %"� . �� ��
,��"!�. %"!)�!� &&3�
�
� # �&��# "�&" � �)0�!� * "�� � &��)"&%$ ��%���� )� "&�&� /"�/%�� ���" # �% �!��%&+ �
�� ��# "�,!����)"&%$ �3�� # %&��"B �%�"&�/%�%$ ��%� ���# �� �$ # �"6 ,"�%/"���!�
&��)%"&3�
�
��� 5" ���� ��# "&"� � � "��&�� "%�$ �-�4� ���� !. ��"&� !4")0�%� � �,� ���%� ��� -�
�# "��* � �)"&%$ �&�%��� ��# "���,� %�. �� "�
�"4"����� �/���%6 �&# � * &��# "�
&" � �)�1# � �%D � ���!�� ")2�)"&%$ ��� ,�%� ���� �� "�1/��$ %��!!. 2��# "�� ,�%/�/�
 # � % "�-� ���# "���,� %�. �� "�
�"4"��,!���3��# � �!)��# "&"� � � "��&��"/�%��
����# "��%/"�� -�� �%!)%�$ ��# "�,!���0��# "�-%�&��14"��% �!2�)"&%$ ��,�� 4%)"&���
/��$ %��!!. �/� �"�"6 ,"�&%4"0�� ���!� * "���%&+ ��!�"����%4"3�
�
� # "�,�� 5" �")�&�!"&�,�% "�-� ����� �&"�!%�"��� �!�&"��� �&")��� � !&�� -��# "�
# � �%D � ���!�)"&%$ ����)��� !"��� �,"�-� �/�& �%� "�:���)�")$ "�)"!"�%� ��1& �%� "�
�2�# �&�� ""�� �! �!��")�������+ R 3����&%/%!����� � !�* %�# ���&%�$ !"�$ �""��!�&"��
� �!. 0��� !"��� �)� �& �%� "&�����)�<0�* %!!�� "��,,�� 6 %/��"!. ����+ R 3�� # "��. ,% �!�
�%/"�-� ��&� # ��� � !&��� �,��  "&&���&%�$ !"�,��"!�1-� ����&%�$ !"�& �%� "�,��  "&&2�
%&��� � ���:�/%���"�&� ��# ���%-����� � !&���"�� ,"���")�� ����&%�$ !"�!%�"��# "��� ��!�
 �,%��!�� ��!�. �%&�<7 R ���)��# "�!%�"� ���,�� )� "��,��� �:����,��"!&�,"��)�. �
1� �� !� &"��� �:;7 ? ,�,"��. "��23����# �&�� ""��"&�%/��")��# ����# %&�!"�)&��� ���
!�&"��,���"��%�$ � � &��� -�:3��R �,"��,��"!0�* "!!�%�&%)"��# "� � &�����$ "�&�-� ��
�# %&�,����� -��# "�,��  "&&%�$ 3�� # "�"B �%4�!"��� � &��-� ���# "�4"��% �!�
,��  "&&%�$ �)"&%$ ��%&�&!%$ # �!. �# %$ # "�����:3�;R �,"��,��"!0��$ �%��* %�# %���# "�
 � &�����$ "��-� �� "!!�%&� !��%� ��,��  "&&%�$ 3�
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�3�( � ��J	 ��( � �� 	 � ��3�( � ��J	 ��( � �� 	 � ��3�( � ��J	 ��( � �� 	 � ��3�( � ��J	 ��( � �� 	 � � ����
�
� # "�,�%/��. �!"&&� ��!"���")�-�� /��# %&�,�� 5" ��%&��# "��"")�-� �� � ��%�$ "� . �
,!���%�$ ��� �)"�!�* %�# �/�5� �� � //"� %�!� # ��$ "&0�%���# %&� �&"��# "�%/,� ��
� -�!� &%�$ ��# "���%/"��� ���� �� ���# �� �$ # ����� ��!!. ���"6 ," �")�-� � ")�
!%B �%)��%� �3�
�
� 4"��* %�# �# %�)&%$ # ��%��%&�)%--% �!���� ���)"�&���)�* # . ��# "� �")%�� ��
�"&,� �&%� !"�-� ���# %&� # � &"��� �-� � "����"�&� !���%��� �!%B �%)��%� �I�%��* �&� !"���
�� ��!!�� �# "�� �")%�� �&�L�%� !�)%�$ ��* � �� -��# "� � !!�� � ���� �&�L��# ����# "�
���"�&� !���,�� ,� &�!&�-� ��/""�%�$ �%�&�&# � ����"�/� �&# 
-!� * �,�� � !"/&�
,�� /%&")�&�� &����%�!!. �/� �"��"������# ����# "�"4"����!�!%B �%)��%� �3�
> � * "4"�0��# %&�&# � �!)�� "���+ "���&����%�)% ��%� ��� -��# "���,�")% ��� %!%�. �� -�
 � //"� %�!� # ��$ "��# ��� ����   ���%����<�. "���,�� 5" ����)��"")&�
 � �&%)"���%� �3�
�
� # "�/�5� ��,�� � !"/�* �&��# ��� � ��%�$ "� . �,!��&�* "�"�%��,!� "�� �!. ��� �
)"�!�* %�# ��# "�!� &&�� -��� � !!�� � ���� �0��� ���# "���%/"��� ���� �� �3���
E&�  "&&%� �G�,� !% . � � �!)�# �4"�� ""��,�",��")���)0�* %�# �� � ���,,�� 4�!0�
��,%)!. �%/,!"/"��")�* %�# ��� � �&"B �"����")� ")�)"!�. ��� ��# "�,�� 5" �3�
� # %&�* � �!)�# �4"�,�� � �� !. ��"B �%�")����")� �%� ��%���# "�,�� 5" ��& � ,"�1�� �
/�� # ��# "��")� ")��"&� �� "&20�� ��� � �!)��"4"��# "!"&&�# �4"��!!� * ")�
,�� 5" �� � ��%����%� ��* # %!&�����"* � � !!�� � ���� ��� ��,����"��* �&�-� ��)3����
�# "�"4"��0��# %&�* � �!)�# �4"�� ""�����0���)��# "�,�� 5" ���"�/�* � �!)�
,�� � �� !. �# �4"�# �)��# "�-�!!�<�. "��&�� -��# "�,�� 5" ���� � � /,!"�"��# "�* � �+ �L�
�# %&�* � �!)�# �4"��!!� * ")��&��� �)��/��% �!!. �%/,�� 4"�� ���# "�,�� 5" ��
� # %"4"/"��&0��&�%��* �&�� �!. �%���# "�!�&����/� ��# &�� -��# "�,�� 5" ���# ���
�"�!%&�% �!!. ���%-� �/��
�%�,��"!�* �&�,�� )� ")��� ��!!� * �-�!!�,��"!���%�!&�
��)�� ,�%/%&��%� ��&��)%"&��� �� "$ %�3�
�
��!"&&� �%�% �!�!"&&� �� � � "��&��# "��"")��� � ��"-�!!. �&"$ �"$ ��"��# "�,�� 5" ��
-�� /�%//")%��"���)���,!���")� � //"� %�!�,�"&&��"&0�%-�� �!. �����# "�
/���$ "�%�!�!"4"!3�� # "�"��!. �&�  "&&"&�* %�# ���%�!�)��!�5�� �%� ��,��"!�
� �&")�� ���# "�&���)��)�����,��  "&&�!")0��� ����&��,�%&%�$ !. 0��� ���)"&%�"����
�!!�!"4"!&��� �&""�%-��# %&� � �!)�� "�)"4"!� ,")��� ���!"4"!�&�%��� !"�-� ��
,�� )� �%� ��%/,!"/"����%� ��%���# "�"6 %&�%�$ �,!�������@�%)$ "�)3��&�&� # 0�
�# "��"&� �� "&��!!�  ��")��� ��# "�,�� 5" �0�&��--���)�-� %!%�%"&0�� "$ ����� �
"6 ,"�%"� "� � �-!% �%�$ ��"B �%�"/"��&�* # "���# "�,�� 5" ��* � �+ �* �&��"�). ��� �
,�� $ �"&&��� ��# "�%�4"&�%$ ��%� ��� -�� �# "��� ,�%� �&���)0�* %�# �# %�)&%$ # �0��# %&�
)"!�. ")�&� /"�%�4"&�%$ ��%� �&3�����# "�"4"����# %&�,�� 4")���%/,� �����0��&�
�# "�� �%4%�%"&�,�� 4")���&�  "&&-�!�%���"�/&�� -�,�� 4%)%�$ ���� "��"��EF �? G�
� ,�%� ����)�* "�"�)%& � ���")�-�� /�-���# "��)"4"!� ,/"��3�> � * "4"��%��
* � �!)�� "���* %&"��� ��&&�/"��# %&�* %!!�� "��# "� �&"�%��-����"0���)�-����"�
,�� 5" ��/���$ "/"����"")&��� �"�&��"��# ����# "�,�� 5" ���"�/��"/�%�&�
-�  �&&")�� ��,�� 5" ��� � 5" �%4"&���)�)� "&��� ���!!� * � ���"��� � //"� %�!�
%��"�"&�&��� �)%&��� ���# "/3�
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�3��J	 �( � ��J	 ��3��J	 �( � ��J	 ��3��J	 �( � ��J	 ��3��J	 �( � ��J	 �����
����
� # "�,�� 5" ��# �&�)"!%4"�")��!!��# "��"B �%�")��"&�!�&��� �/""���# "�� # "�,�� 5" ��# �&�)"!%4"�")��!!��# "��"B �%�")��"&�!�&��� �/""���# "�� # "�,�� 5" ��# �&�)"!%4"�")��!!��# "��"B �%�")��"&�!�&��� �/""���# "�� # "�,�� 5" ��# �&�)"!%4"�")��!!��# "��"B �%�")��"&�!�&��� �/""���# "�� 4"��!!�� 4"��!!�� 4"��!!�� 4"��!!�
,�� 5" ��� � 5" �%4"�� -�,�� 5" ��� � 5" �%4"�� -�,�� 5" ��� � 5" �%4"�� -�,�� 5" ��� � 5" �%4"�� -�)"-%�%�$ ��# "�,���/"�"�&�-� ���# "�)"&%$ ��� -���&� !��� "!!�)"-%�%�$ ��# "�,���/"�"�&�-� ���# "�)"&%$ ��� -���&� !��� "!!�)"-%�%�$ ��# "�,���/"�"�&�-� ���# "�)"&%$ ��� -���&� !��� "!!�)"-%�%�$ ��# "�,���/"�"�&�-� ���# "�)"&%$ ��� -���&� !��� "!!�
,��  "&&�,!����* %�# ��� �,� %�. ��� � ���:�7 ? ,�,"������/,��  "&&�,!����* %�# ��� �,� %�. ��� � ���:�7 ? ,�,"������/,��  "&&�,!����* %�# ��� �,� %�. ��� � ���:�7 ? ,�,"������/,��  "&&�,!����* %�# ��� �,� %�. ��� � ���:�7 ? ,�,"������/3333����
�
�� &��&��)%"&�&# � * ��# ���-� ���# "�,�"-"��")� "!!�� ,�%� ����)�����/� "��� -�
"B �%,/"���� ,�%� �&0��# "�,�� )� �%� �� � &�����$ "��� -�:�F �? ,� ���� "�� # %"4")�
-� ���# "�&���)��)�!��$ "���"��1�� /%��!�:<� /�� . ��� /2�$ !�&&�� �&")�&� !���
,��"!&3�� # %&�%&�!"&&��# ���# �!-��# "� � &��� -�,�� )� �%� ��� -��# "� ���"�������
,!���3�
�
�&�"6 ," �")0��# "�,��"!�"--% %"� . �,�� )� ")�� . ��# "�,!����* %!!��� ��� "�
 � /,���� !"��� ��# ���,�� )� ")�� . ��# "�� "&���%4�!��" # �� !� $ %"&0�� ����# "� � &��
�)4����$ "�/� �"��# ���� --&"�&��# %&���)�%&�"6 ," �")��� ��"&�!��%���# "�
��,� %�. �� "�
�"4"��,�� )� �&�,�� 4%�$ �# %$ # !. � � /,"�%�%4"�-� ��!��$ "���"�0�
!� * � � &���,,!% ��%� �&3�
�
� # "�,!����)"&%$ ���&"&�"%�# "��* "!!�"&��� !%&# ")��" # �� !� $ %"&���)�,��  "&&"&�
� �0�%���# "� �&"�� -��# "�&"/% � �)� �� ��)",� &%�%� ����)�!�&"��,���"��%�$ �
&. &�"/&0��&"&��"* �)"&%$ �&��# ���# �4"�� ""��)"4"!� ,")���)�&��%&-� �� �%!. �
,�� 4"��%���# %&�,�� 5" �3�� # "�,!�����# "�"-� �"��",�"&"��&���!� * ��%&+ �
 � //"� %�!�,�� ,� &%�%� �3�
�
J��!%�"���)0�* # "�"��,,!% �� !"0�/� �"�)"��%!")�&," %-% ��%� �&���)�
�"B �%�"/"��&�# �4"�� ""��,�� )� ")�-� ��"� # �"!"/"���� -��# "�,�� )� �%� ��
,!���0���)�����/� "��� -�� ,�%� �&���)�,��  "&&�& # "/"&�# �4"�� ""���"��%�")�
1��)�&# � * ���� �� "�4%�� !"2��� ��!!� * �-� �����% %,��")�&# � ����"�/�
%/,�� 4"/"��&��� � � //"� %�!!. ��4�%!�� !"�"B �%,/"�����)��" # �� !� $ %"&3�

%��!�)" %&%� �&��&��� ��# "�� "&��� ,�%� ��* %!!�� "�/�)"�����# "��%/"�� -�
"B �%,/"���,�� # �&"3�
�
� # "�J��!%�"��!����� "-%�%�%� ��"&&"��%�!!. � � �&%)"�&��# "�,!������)�
,��  "&&"&�%��&%6 � ��"$ � �%"&9��# "&"���"�J4"��!!��!����� "B �%�"/"��&�
1%� !�)%�$ � "!!�)"&%$ ����)��" # �� !� $ . �%&&�"&20�
�� ����� ��� ��
� "B �%�"/"��&0��"/% � �)� �� ��� ",� &%�%� ��� "B �%�"/"��&0�� "����� ��� ��
� "B �%�"/"��&0��"!!��&� !��%� ��� "B �%�"/"��&���)��!������-��&��� ���"3�
�
� # "���,� %�. �� "�� # "���,� %�. �� "�� # "���,� %�. �� "�� # "���,� %�. �� "�



�"4"��,�� 5" ����%�!&���)�&�,,� ��%�$ � � &��/� )"!!%�$ ���)��"4"��,�� 5" ����%�!&���)�&�,,� ��%�$ � � &��/� )"!!%�$ ���)��"4"��,�� 5" ����%�!&���)�&�,,� ��%�$ � � &��/� )"!!%�$ ���)��"4"��,�� 5" ����%�!&���)�&�,,� ��%�$ � � &��/� )"!!%�$ ���)�
,"�-� �/�� "����!. &%&�# �4"�&# � * ���# �����&%/,!"�)��!�5�� �%� ���,"�-� �/�� "����!. &%&�# �4"�&# � * ���# �����&%/,!"�)��!�5�� �%� ���,"�-� �/�� "����!. &%&�# �4"�&# � * ���# �����&%/,!"�)��!�5�� �%� ���,"�-� �/�� "����!. &%&�# �4"�&# � * ���# �����&%/,!"�)��!�5�� �%� ���



�%�� �&")��%�� �&")��%�� �&")��%�� �&")�
 "!!0� "!!0� "!!0� "!!0�!��$ "!. ��&%�$ �,��  "&&"&���)��" # �� !� $ . � ���"���%�����0� ���,�� 4%)"�!��$ "!. ��&%�$ �,��  "&&"&���)��" # �� !� $ . � ���"���%�����0� ���,�� 4%)"�!��$ "!. ��&%�$ �,��  "&&"&���)��" # �� !� $ . � ���"���%�����0� ���,�� 4%)"�!��$ "!. ��&%�$ �,��  "&&"&���)��" # �� !� $ . � ���"���%�����0� ���,�� 4%)"�
�# "�� �&%&�-� �� � &��"--% %"���&� !���,��"!�/���-� ���"��&�)"-%�")�-� ���# "��# "�� �&%&�-� �� � &��"--% %"���&� !���,��"!�/���-� ���"��&�)"-%�")�-� ���# "��# "�� �&%&�-� �� � &��"--% %"���&� !���,��"!�/���-� ���"��&�)"-%�")�-� ���# "��# "�� �&%&�-� �� � &��"--% %"���&� !���,��"!�/���-� ���"��&�)"-%�")�-� ���# "�
��,� %�. �� "���,� %�. �� "���,� %�. �� "���,� %�. �� "�



�"4"���!���3�"4"���!���3�"4"���!���3�"4"���!���3����
�
J�# "��,�� )� ��� ,�%� �&�# �4"�� ""��&# � * ���� �� "��"�!%&�% �* %�# %���# "�� 4"��!!�
,!����)"&%$ �0��# � �$ # ��# "&"�%���# "�/�%���"B �%�"�-���# "��)"4"!� ,/"���
��)"��� �# "��,�� 5" �&3�� # "&"�,�� 4%)"��# "�,� �"��%�!�-� ���# "���,� %�. �� "�

�"4"��,!������ ��))�"&&��# "�,� �"��%�!!. �!��$ "�@�%!)%�$ ����"$ ���")��� �
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/��+ "��* %�# �!� * � � &��,�� )� �&��# ����!&� �,"�/%��!� * � � &��%�&��!!��%� ��
& # "/"&��� �� "��"�!%&")0����"&&"��%�!��"B �%�"/"���%-��# %&�/��+ "��%&��� �
�"�!%&"�%�G&�,� �"��%�!3�
�

� ���# "�
�� ����� ��� ���" # �� !� $ . 0��# "�� �!�� "�� -� � &�0�,"�-� �/�� "���)�
� ���# "�
�� ����� ��� ���" # �� !� $ . 0��# "�� �!�� "�� -� � &�0�,"�-� �/�� "���)�
� ���# "�
�� ����� ��� ���" # �� !� $ . 0��# "�� �!�� "�� -� � &�0�,"�-� �/�� "���)�
� ���# "�
�� ����� ��� ���" # �� !� $ . 0��# "�� �!�� "�� -� � &�0�,"�-� �/�� "���)�
�%&+ �%�)% ��"&��# ���%��%&�� "&���� �� �. �%�� � //"� %�!�,�� )� ��-� ���# "���,� %�. ��%&+ �%�)% ��"&��# ���%��%&�� "&���� �� �. �%�� � //"� %�!�,�� )� ��-� ���# "���,� %�. ��%&+ �%�)% ��"&��# ���%��%&�� "&���� �� �. �%�� � //"� %�!�,�� )� ��-� ���# "���,� %�. ��%&+ �%�)% ��"&��# ���%��%&�� "&���� �� �. �%�� � //"� %�!�,�� )� ��-� ���# "���,� %�. �
� "�� "�� "�� "�



�"4"��,�"4"��,�"4"��,�"4"��,!����%�%�%�!!. 3!����%�%�%�!!. 3!����%�%�%�!!. 3!����%�%�%�!!. 3����# � �&"��%��� 6 %)"� � ��%�$ 0�� ���# "��&"�� -�D %� �����# � �&"��%��� 6 %)"� � ��%�$ 0�� ���# "��&"�� -�D %� �����# � �&"��%��� 6 %)"� � ��%�$ 0�� ���# "��&"�� -�D %� �����# � �&"��%��� 6 %)"� � ��%�$ 0�� ���# "��&"�� -�D %� �
� 6 %)"�� �&")�,�� )� �&���"��!&� �� ,�%� �&��� �� "� � �&%)"�")�%���# "�!� �$ "��� 6 %)"�� �&")�,�� )� �&���"��!&� �� ,�%� �&��� �� "� � �&%)"�")�%���# "�!� �$ "��� 6 %)"�� �&")�,�� )� �&���"��!&� �� ,�%� �&��� �� "� � �&%)"�")�%���# "�!� �$ "��� 6 %)"�� �&")�,�� )� �&���"��!&� �� ,�%� �&��� �� "� � �&%)"�")�%���# "�!� �$ "��
�"�/3�"�/3�"�/3�"�/3����
�
� # "�&�,,!%"�&�-� ���%��� 6 %)"� � ��")�$ !�&&�# �4"���# %$ # !. �)"4"!� ,")0��"!%�� !"�
,��  "&&���)���"�* %!!%�$ ��� �)"4"!� ,��# "%��/��"�%�!��� �/""��&," %-% �
 �&�� /"���"B �%�"/"��&�1-� ��!��$ "�,�� # �&"&23����&# � �!)��# "�"-� �"�� "�
,� &&%� !"��� �� � ��%��� ,�%/%&")�,�� )� ��-� ���# "���,� %�. �� "�
�"4"��,!����
* %�# � ����"&� ��%�$ ��� �%�
# � �&"�)"4"!� ,/"��3�
�
��� # �&"�� -�%�
# � �&"�"B �%,/"���-� ���%��� 6 %)"�-�� ��� � ��� ��)",� &%�%� �0�
�!�# � �$ # �,�"-"��� !"�-�� /���!� �$ ��"�/� � &��,� %���� -�4%"* 0�# �&���# %$ # "��
�" # �% �!��%&+ ���)0�&# � �!)��# "��%4�!�1��)�%� � /,��%� !"2�D %� �� 6 %)"�,��  "&&�
�" # �� !� $ . �)"4"!� ,��� ���/����"� � //"� %�!�,��  "&&0����&��# "��%&+ �� -�
� " � /%�$ ��")��)����� "-� �"� �,%��!�,�. �� � + ��%/"�%&�� # %"4")3�
�
� # "�D %� �� 6 %)"�� �&")�,�� )� �0��# � �$ # �,� �"��%�!!. �. %"!)%�$ ���:�K Q �
%/,�� 4"/"���%�� "!!�,"�-� �/�� "0�%&�5�)$ ")��� �� "����%�&�--% %"��!. �
/����"��" # �� !� $ . ����,�"&"��3�� # "�!"4"!�� -��%&+ �%�� # ��$ %�$ ��� ��# %&�
/��"�%�!0��# � �$ # �� �!. �/� )"���"0�/�$ �%-%"&�,� �"��%�!�,�� � !"/&�* %�# ��
�%�
)",� &%�%� ��,��  "&&�� ,�%/%&��%� ��%��,���% �!�����)��# "�"� . ���%&"&�� 4"��!!�
,�� )� �%� ���%&+ ��� ���# %$ # �!"4"!3�
����
� # "���,� %�. �� "�� # "���,� %�. �� "�� # "���,� %�. �� "�� # "���,� %�. �� "�



�"4"��,�� 5" ���"4"��,�� 5" ���"4"��,�� 5" ���"4"��,�� 5" ���"/% � �)� �� ��� ",� &%�%� ���"/% � �)� �� ��� ",� &%�%� ���"/% � �)� �� ��� ",� &%�%� ���"/% � �)� �� ��� ",� &%�%� ����%�!&�# �4"���%�!&�# �4"���%�!&�# �4"���%�!&�# �4"�
4%�)% ��")�/��. �"!"/"��&�4%�)% ��")�/��. �"!"/"��&�4%�)% ��")�/��. �"!"/"��&�4%�)% ��")�/��. �"!"/"��&�� -��# "��"*� -��# "��"*� -��# "��"*� -��# "��"* �( ��$ "���"��( ��$ "���"��( ��$ "���"��( ��$ "���"���������# �/� "�# �/� "�# �/� "�# �/� "��1( ��2�1( ��2�1( ��2�1( ��2�)"&%$ ���)"&%$ ���)"&%$ ���)"&%$ ��
��)�%���# "�,��  "&&�,�� 4%)")�/� # ��"* �+ �� * !")$ "0�"6 ,"�%"� "���)���)�%���# "�,��  "&&�,�� 4%)")�/� # ��"* �+ �� * !")$ "0�"6 ,"�%"� "���)���)�%���# "�,��  "&&�,�� 4%)")�/� # ��"* �+ �� * !")$ "0�"6 ,"�%"� "���)���)�%���# "�,��  "&&�,�� 4%)")�/� # ��"* �+ �� * !")$ "0�"6 ,"�%"� "���)�
"6 ,"��%&"�%��# ��)!%�$ ���)�)"4"!� ,%�$ �!��$ "���"���� �� � 3"6 ,"��%&"�%��# ��)!%�$ ���)�)"4"!� ,%�$ �!��$ "���"���� �� � 3"6 ,"��%&"�%��# ��)!%�$ ���)�)"4"!� ,%�$ �!��$ "���"���� �� � 3"6 ,"��%&"�%��# ��)!%�$ ���)�)"4"!� ,%�$ �!��$ "���"���� �� � 3����
�
J4"��!!0��# "�( ���# �&�� ""��)"/� �&����")��� �,�� 4%)"���&� ��)�� �&%&�-� ����
!� * � � &��&"/% � �)� �� ��)",� &%�%� �� # �/� "��-� ���# "���,� %�. �� "�
�"4"��
,!����)"&%$ �3�
���# "��� ,,� ����%�%"&�-� �� � &���")� �%� ����)�%/,�� 4")�
� ,"���%� ��!� �,�� %!%�. �# �4"���%&"��-�� /��# "�,�� �% �!�* � �+ 3��
�
�
�%�� �&")�&%�$ !"���)�)��!�5�� �%� ���� �,��"!&�� -�:�;�6 ���//���"��# �4"�
� ""��&�  "&&-�!!. �)",� &%�")�%���# "�&. &�"/0� � �-%�/%�$ ��# "�� 4"��!!�
&�%��� %!%�. �� -��# "�( ���� � � �&. &�"/��&���� �&%&�-� ����-����"�,�� )� �%� ���� � !3�
���"!�,"�-� �/�� "�# �&�� ""���&&"&&")�� ��&�� 
"!"/"��&�� -��# "&"�1)�"��� �
 ���"���,��  "&&%�$ �!%/%���%� �&2���)�# �&� � �-%�/")��)"B ���"��� �
,"�-� �/�� "0�* %�# %���# "�!%/%�&�� -��"&%)��!�&. &�"/��� �
��%-� �/%�%"&3��
�
� # "�� � � �( ���)"&%$ ��%&� ���"��!. �� -���&���)��)��# ����"B �%�"&�� �!. �/%�� ��
�")"&%$ ����)�&� /"�-���# "��,�� 4%�$ ���%�!&��� �-� �/��# "�� �&%&�� -���,�� �� �. ,"�
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,�� )� �%� ���� � !3�� "&%$ �� # ��$ "&�# �4"�� ""��%)"��%-%")�-� ��-����"�
)"4"!� ,/"�����)���%�!&�,�%� ���� � � //%��%�$ ��� ���-%��!�,�� )� �%� ��&. &�"/�
)"&%$ �3�
�
� # "�,�� 5" ��* � �+ �� ���"��� � ��� ��&"!" �%� ����)��" # �%B �"&�&# � * &��# ���%�� # "�,�� 5" ��* � �+ �� ���"��� � ��� ��&"!" �%� ����)��" # �%B �"&�&# � * &��# ���%�� # "�,�� 5" ��* � �+ �� ���"��� � ��� ��&"!" �%� ����)��" # �%B �"&�&# � * &��# ���%�� # "�,�� 5" ��* � �+ �� ���"��� � ��� ��&"!" �%� ����)��" # �%B �"&�&# � * &��# ���%�




!%�"�&,���"��)",� &%�%� ���&%�$ ��J� ��"B �%,/"���&# � �!)�� "��# "��" # �%B �"�!%�"�&,���"��)",� &%�%� ���&%�$ ��J� ��"B �%,/"���&# � �!)�� "��# "��" # �%B �"�!%�"�&,���"��)",� &%�%� ���&%�$ ��J� ��"B �%,/"���&# � �!)�� "��# "��" # �%B �"�!%�"�&,���"��)",� &%�%� ���&%�$ ��J� ��"B �%,/"���&# � �!)�� "��# "��" # �%B �"�
� -� # �� -� # �� -� # �� -� # � % "�-� ���# "���,� %�. �� "���"4"��,!����)"&%$ �3% "�-� ���# "���,� %�. �� "���"4"��,!����)"&%$ �3% "�-� ���# "���,� %�. �� "���"4"��,!����)"&%$ �3% "�-� ���# "���,� %�. �� "���"4"��,!����)"&%$ �3����
�
� # "�&,���"��)",� &%�%� ���" # �%B �"�/""�&��!!��# "��"B �%�"/"��&�-� ���# "�
��,� %�. �� "�
�"4"��,!����)"&%$ ����)�%&��  � �)%�$ !. � � �-%�/")��&���!� * �
�%&+ �� ,�%� �3���� 4"���J� ��&. &�"/&�"6 %&��-� ���# "�-�!!����$ "�� -�/��"�%�!&�
�&")�� . ��� �/���-� ���"�&0��!!� * %�$ �!��"��%��"$ ���%� ��� -�,�� 4"��
/�!�%!�. "��& # "/"&�* # "���# "&"���"�)"4"!� ,")3�
����
����# %&��%/"0���&%/,!"��!�/%�%�/��"��� � ��� ��* %!!�,�� 4%)"�����)"B ���"�
%�%�%�!�,�� )� ��-� ���# "�,!���0��# � �$ # �� � "�� �&"!%�"�,�� )� �%� ��%&��"!%�� !. �
��)"�* �. 0��&"�� -���/� �"� � /,!"6 �/�!�%!�. "���"��� � ��� ��L�/� &��!%+ "!. �
�# "�* %)"!. ��&")�D %� �� 6 %)"����!�/%�%�/� � /� %���%� ��L�/�. ��!!� * �&� /"�
%/,�� 4"/"���%���# "� "!!��"&,� �&"��&�,����� -���!� �$ "���"�/�� ,�%/%&��%� ��
"6 "� %&"3��  � �)%�$ !. 0�%��%&�%/,� �������# ����# "�"B �%,/"���# �4"��# "�
-!"6 %� %!%�. ��� �%� � �,� ���"��# %&�"6 ����&�",������!��"��)��"3�
�
� # "���,� %�. �� "���"4"��,!�����"��� � ��� ��)",� &%�%� ��&. &�"/�&# � �!)�
�# "�"-� �"�� "����J� ��%�
!%�"�&,���"��)",� &%�%� ��&. &�"/0�* %�# ����# �� �$ # ,���
%��"6  "&&�� -�:���,!��"&�,"����# � ���&# %-�3�� # "�/��"�%�!��� �� "�)",� &%�")�%&�
:���/�� -��!�/%�%�/3�� # "�&. &�"/�&# � �!)�# �4"��# "� �,�� %!%�. ��� �� "�
�,$ ��)")��� ����* � ����$ "��&. &�"/�-� ��/�!�%
!�. "���"��� � ��� ��)",� &%�%� ��
�����!��"��)��"0�/� &��,�� � �� !. ���D %� �� 6 %)"����!�/%�%�/�&��� ���"3�
�
� # "��"!!��&� !��� # "��"!!��&� !��� # "��"!!��&� !��� # "��"!!��&� !��%� ��� �%4%�. �# �&�)"/� �&����")��# "�&�%��� %!%�. �� -�!�&"��%� ��� �%4%�. �# �&�)"/� �&����")��# "�&�%��� %!%�. �� -�!�&"��%� ��� �%4%�. �# �&�)"/� �&����")��# "�&�%��� %!%�. �� -�!�&"��%� ��� �%4%�. �# �&�)"/� �&����")��# "�&�%��� %!%�. �� -�!�&"��
,���"��%�$ ��� �/""���!!��# "���,� %�. �� "�,���"��%�$ ��� �/""���!!��# "���,� %�. �� "�,���"��%�$ ��� �/""���!!��# "���,� %�. �� "�,���"��%�$ ��� �/""���!!��# "���,� %�. �� "�



�"4"���"B �%�"/"��&�-� ���"4"���"B �%�"/"��&�-� ���"4"���"B �%�"/"��&�-� ���"4"���"B �%�"/"��&�-� ��
/� �� !%�# % �%��"$ ���%� ��� -��# "��"B �%�")��# %��-%!/&3�� # "�* � �+ �# �&�)"!%4"�")�/� �� !%�# % �%��"$ ���%� ��� -��# "��"B �%�")��# %��-%!/&3�� # "�* � �+ �# �&�)"!%4"�")�/� �� !%�# % �%��"$ ���%� ��� -��# "��"B �%�")��# %��-%!/&3�� # "�* � �+ �# �&�)"!%4"�")�/� �� !%�# % �%��"$ ���%� ��� -��# "��"B �%�")��# %��-%!/&3�� # "�* � �+ �# �&�)"!%4"�")�
�* � �"--" �%4"�)"&%$ �&�-� ��/� )�!����� �,��"!�/���-� ���%�$ ��� � !&3��* � �"--" �%4"�)"&%$ �&�-� ��/� )�!����� �,��"!�/���-� ���%�$ ��� � !&3��* � �"--" �%4"�)"&%$ �&�-� ��/� )�!����� �,��"!�/���-� ���%�$ ��� � !&3��* � �"--" �%4"�)"&%$ �&�-� ��/� )�!����� �,��"!�/���-� ���%�$ ��� � !&3�� # "�� # "�� # "�� # "�
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:3</�,��"!:3</�,��"!:3</�,��"!:3</�,��"!3333�
�
� # "�,�"-"��")�)"&%$ ��%� !�)"&���# %$ # "��!"4"!�� -��" # �% �!��%&+ ��# ����# "�
�!�"����"�� ,�%� �3�� # %&�* %!!�� "��))�"&&")�%��,� &��,�� 5" ����%�!&�,�%� ���� �
)" %)%�$ �� "�* ""���# "��* � 3����&# � �!)�� ��� �")��# ���"%�# "��)"&%$ ��%&�&�%��� !"�
-� ���&"�%���# "���,� %�. �� "�
�"4"��,!������)��# ����# %&�"!"/"���� -��# "�
"B �%,/"���&," %-% ��%� ��%&��� * � � �&%)"�")��� �� "��� !"��� �� "��))�"&&")�
�# �� �$ # �E!� * ��%&+ � �&�� /%&")��J� �G�&. &�"/&�L�%3"3�"6 %&�%�$ � � //"� %�!�
"B �%,/"���* %�# �/%�� ��/� )%-% ��%� �&��� ��))�"&&��# "�&," %-% &�� -��# "�,!����
)"&%$ �3�
����
� # "�-�!!�%�-��&��� ���"��"B �%�")��� �&�,,� ����# "�+ ". �)",� &%�%� ����)�� # "�-�!!�%�-��&��� ���"��"B �%�")��� �&�,,� ����# "�+ ". �)",� &%�%� ����)�� # "�-�!!�%�-��&��� ���"��"B �%�")��� �&�,,� ����# "�+ ". �)",� &%�%� ����)�� # "�-�!!�%�-��&��� ���"��"B �%�")��� �&�,,� ����# "�+ ". �)",� &%�%� ����)�
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-� �/��# "�� �&%&�� -��# "���,� %�. �� "�
�"4"��)"��%!")�,!����)"&%$ �3�� # "&"�
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� �# "�� � //"� %�!� � �&���%��&3�
�
> � * "4"�0�* %�# %��"� # �� -��# "�� �%4%�%"&0��# "�"���"�����/� "��� -�!"&&"��
�" � //"�)��%� �&��# ���* %!!��))�"&&� # � % "�� -�� ,�%� �&0�� ��,�� 4%)"�
/%�%$ ��%� ��� -��"&%)��!��" # �% �!��%&+ &3�� # "&"���"�)"�!��* %�# �%���# %&�&" �%� �3�
�
:3�
� ���# "�
�� ����� ��� ��� " # �� !� $ . 0�%��%&��" � //"�)")��# ����� !� &"�
* �� # �� "�+ ",��� ���# "�)"4"!� ,/"���� -��# "�D %� �� 6 %)"��" # �� !� $ . ���)0�%-�
�# "�� ,,� ����%�. ���%&"&0�/��"�%�!�&# � �!)�� "�� B �%�")�-� ����%�!&3���
&�  "&&-�!�D %� �� 6 %)"��" # �� !� $ . �L�%� !�)%�$ �* �&# %�$ ���)�,���"��%�$ �
,��  "&&"&�L� � �!)�� "��"�)%!. �%/,!"/"��")�%��� ��# "�,!����)"&%$ ����)�# �&�
�# "�,� �"��%�!��� �$ �"��!. �%/,�� 4"� "!!�"--% %"� . ���)��# "�EF �? G� � &��� -�
,�� )� �%� ���  � �)%�$ !. 3�
�
�3�
� ���# "��"/% � �)� �� ��� ",� &%�%� ��� �&+ 0�%��%&��" � //"�)")��# �����
( ���� � � �)"&%$ ���"4%"* �� "� � �)� �")��� �)�  �/"��0�)"��%!�1��)�5�&�%-. 2�
�# "��"4%&")�)"&%$ ����)�,��  "&&��"B �%�"/"��&3��� /"��))%�%� ��!��%&+ �
�")� �%� ��* � �+ � � �!)�&�%!!�� "� � �)� �")��&%�$ ��# "�� � � �%��%�&� ���"���&���"�
��)�%��%&�-���# "���" � //"�)")��# ����# %&�� "� � �&%)"�")�,�%� ���� �
 � //%��%�$ ��� �� �%!)%�$ ����"* �( ����� ��# "��"4%&")�)"&%$ �3�� # "�
�" � //"�)")�)"4"!� ,/"���&����"$ . �%&9�
%3�� "!�  ��"��# "�� � � �( ����� �����@�%)$ "�)��� �%� �"�&"���%�!&��# �� �$ # ,��3�
%%3��/,!"/"���� �!. �/%�� ��"&&"��%�!� # ��$ "&��"B �%�")��� �&�,,� ���-���# "��
��%�!&�� ����&* "�� �%�% �!�B �"&�%� �&3�
%%%3���� 4"��"�&� ��� !"�,"�-� �/�� "�-�!!�&%D "��� �,!��"� �,�� %!%�. �L�%3"3�
"!%/%���"��# "��"&%)��!��� �
��%-� �/%�%"&3�1� ��$ "��L�<;? ,�%�%�%�!�
,"�-� �/�� "2�
%43��� /,!"�"�&. &�"/�-���%&# %�$ �%��!%�"�* %�# ��# %&��",� ��3�
43�� "4"!� ,�,��  "&&"&�-� ��$ � � )�B ��!%�. 0�# %$ # �,"�-� �/�� "�-�!!�&%D "��� �
,!��"�L��� /%��!���? ,�&��� %!%&")3�
�

� ���# "�� "����� ��� ��� �%4%�. ����" # �� !� $ . �* �� # �&# � �!)�� "�/�%���%�")�
$ "�"��!!. �� ��"/"�$ %�$ ��"��� � ��� ���"!��")��" # �� !� $ %"&0�&," %-% �!!. ��# "�
�# "/% �!�� �,� ���� ",� &%�%� ��1�� � 2��" # �� !� $ . �-� ��D %� �� 6 %)"�� 4"�!�%��
* %�# ���* # %�"�O� � + & ���"�O�/��"�%�!��" "��!. ��",� ��")�%���# "�� ,"��
!%�"�����"3���-���# "��)"4"!� ,/"����# ���&# � �!)�� "�/� �%�� �")�%&��# "�!��$ "�
��"���)4�� ")�&,���"��)",� &%�%� ���" # �� !� $ . ���)"��)"4"!� ,/"���� . �
�H( 0�* # % # �,�� /%&"&��� �,�� 4%)"�4"�. �# %$ # � �,� %�. ��"��� � ��� ��
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� ���# "��"!!��&� !��%� ��� �%4%�. 0��# "��"/�%�%�$ ��� "���%��. ��"$ ��)%�$ ��# "�
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&. &�"/&�* %!!�� "��4�%!�� !"��&� � //"� %�!���%�&�%���# "��"���-����"0��# "�
4"��% �!�&. &�"/�,�%/��%!. ��� ��))�"&&��# "��"")&�� -��# "�!��$ "���"��-!���,��"!�
)%&,!�. �%�)�&��. 0��# "�# � �%D � ���!�&. &�"/��� ��))�"&&��# "�/� �"� � &��
 � �&���%�")��� �/��+ "�3�
�

%��!!. 0��# "�,�� 5" ��# �&�/"��%�&����$ "���� �)"-%�"���)�,�� 4"��# "�4%�� %!%�. �� -���
&� !����� �,�� )� �%� ��,!����* %�# ��� �,� %�. �� -�:�7 ? ,�,3�3���)��� � &��� -�
,�� )� �%� ��� -�!"&&��# ���:F �? 3�� # %&�-�!!. ��  � �)&�* %�# ��# "�%�%�%�!����"�&� !���
�%/&�* # "��-%�&��,�� ,� &%�$ ��# "�,�� 5" �3�� # "�"-� �"�* "��" � //"�)��# ���
/� �"�)"��%!")�)"&%$ ��&��)%"&�L��%/")����-�!!. �&," %-. %�$ ���)�%)"��%-. %�$ �
�# "�&. &�"/&���)�%�-��&��� ���"��� �� "�,�� # �&")�L�� "�&����")��&�&� � ���&�
,� &&%� !"�%��� �)"���� ���,%)!. � �,%��!%D "�� ���# "� � //"� %�!�!"�)��# ����# %&�
,�� 5" ��# �&�,�� 4%)")�-� ��������)�%�&� � !!�� � ���� �&3�
�
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Tandem cells, back contact impact, June 2004
Curve 6-1e = evaporated aluminium back contact

Curve 6-4e = HiTUS sputtered aluminium back contact
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DEPOSITION 
CHAMBER SIDE ARM 

PLASMA SOURCE 

Source Electromagnet 

Target Electromagnet 

Cylindrical Target 

Substrate Holder 
Assemblies, Shutters, etc. 

Plasma Path 
in Chamber 

Multiple 
plate stack

Plasma Sources

Vacuum Pumping

Linear Sputter 
Targets

Gate Valve

Load/lock chamberLoad/lock chamber

Two layer sequential coating; 800 off nom. 6’x2’ panels per 8 hour shift

Multiple 
plate stack

Plasma Sources

Vacuum Pumping

Linear Sputter 
Targets

Gate Valve

Load/lock chamberLoad/lock chamber

Two layer sequential coating; 800 off nom. 6’x2’ panels per 8 hour shift
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