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�P�G �U�F�T�U�J�O�H �U�I�F �F�O�U�J�S�F �T�Z�T�U�F�N �J�O �B �N�J�Y�F�E 	9�F�M�E�
 �B�T �D�B�O �C�F �G�P�V�O�E �J�O �$�&�3�/�ß�T �$�)�"�3�. �G�B�D�J�M�J�U�Z�
 �T�J�O�D�F �U�I�F
�Q�B�S�U�J�D�M�F �T�Q�F�D�U�S�V�N �P�G �U�I�J�T 	9�F�M�E �J�T �T�J�N�J�M�B�S �U�P �U�I�B�U �P�G �U�I�F �-�)�$�� �*�G �B�M�M �U�I�F�T�F �T�U�F�Q�T �E�F�T�D�S�J�C�F�E �B�C�P�W�F �B�S�F
�D�P�N�Q�M�F�U�F�E �T�V�D�D�F�T�T�G�V�M�M�Z�
 �U�I�F �F�M�F�D�U�S�P�O�J�D �T�Z�T�U�F�N �D�B�O �C�F �E�F�Q�M�P�Z�F�E �J�O �1�I�B�T�F�� �B�O�E �U�I�F �S�F�B�M �Q�F�S�G�P�S�N�B�O�D�F �D�B�O
�C�F �N�P�O�J�U�P�S�F�E �J�O �1�I�B�T�F����

�'�P�S �U�F�T�U�J�O�H �U�I�F �S�B�E�J�B�U�J�P�O �T�F�O�T�J�U�J�W�J�U�Z �P�G �'�1�(�"�T�
 �U�I�F �D�M�B�T�T�J�D �N�F�U�I�P�E �E�F�T�D�S�J�C�F�E �J�O �M�J�U�F�S�B�U�V�S�F �D�B�O �C�F �G�P�V�O�E
�J�O �<�����>�� �&�B�D�I �J�O�E�J�W�J�E�V�B�M �Q�B�S�U �P�G �B�O �'�1�(�"�
 �F���H���
 �U�I�F 	:�J�Q��	:�P�Q�T �	�'�'�T�
 �J�O �U�I�F �$�-�#�T �P�S �U�I�F �#�3�"�. �D�F�M�M�T�
 �J�T
�U�F�T�U�F�E �X�J�U�I �B �T�Q�F�D�J	9�D �U�F�T�U �E�F�T�J�H�O�
 �T�P �U�I�B�U �U�I�F �D�P�N�Q�P�O�F�O�U���X�J�T�F �G�B�J�M�V�S�F �D�S�P�T�T���T�F�D�U�J�P�O �D�B�O �C�F �E�F�U�F�S�N�J�O�F�E��
�8�I�J�M�F �U�I�F�T�F �U�F�T�U�T �H�J�W�F �B�O �J�O�E�J�D�B�U�J�P�O �P�G �U�I�F �T�F�O�T�J�U�J�W�J�U�Z �P�G �U�I�F �'�1�(�"�ß�T �D�P�N�Q�P�O�F�O�U�T�
 �C�V�U �G�B�J�M �U�P �Q�S�P�W�J�E�F �B
�S�F�B�M�J�T�U�J�D �P�W�F�S�W�J�F�X �P�G �U�I�F �Q�F�S�G�P�S�N�B�O�D�F �X�I�F�O �J�N�Q�M�F�N�F�O�U�J�O�H �B�O �B�D�U�V�B�M �E�F�T�J�H�O�
 �U�I�F �B�G�P�S�F�N�F�O�U�J�P�O�F�E �U�F�T�U�T �B�S�F
�B�M�T�P �B�V�H�N�F�O�U�F�E �X�J�U�I �C�F�O�D�I�N�B�S�L���C�B�T�F�E �D�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O�T�� �#�F�O�D�I�N�B�S�L �D�J�S�D�V�J�U�T�
 �T�V�D�I �B�T �U�I�P�T�F �E�F�T�D�S�J�C�F�E
�J�O �<�����>�
 �D�B�O �C�F �V�T�F�E �G�P�S �U�I�J�T �U�B�T�L�
 �B�T �U�I�F�Z �S�F�Q�S�F�T�F�O�U �S�F�B�M���X�P�S�M�E �B�Q�Q�M�J�D�B�U�J�P�O�T�� �5�I�J�T �B�M�M�P�X�T �D�P�N�Q�B�S�J�T�P�O�T
�C�F�U�X�F�F�O �'�1�(�"�T �G�S�P�N �E�J	8�F�S�F�O�U �W�F�O�E�P�S�T �P�S �W�B�S�Z�J�O�H �J�N�Q�M�F�N�F�O�U�B�U�J�P�O �Q�B�S�B�N�F�U�F�S�T��

�5�I�J�T �N�B�T�U�F�S�ß�T �U�I�F�T�J�T �E�P�D�V�N�F�O�U�T �U�I�F �S�B�E�J�B�U�J�P�O �R�V�B�M�J	9�D�B�U�J�P�O �P�G �U�I�F �(�B�U�F�.�B�U�F �$�$�(�.���"���
 �B �O�P�W�F�M
�'�1�(�" �E�F�W�F�M�P�Q�F�E �C�Z �$�P�M�P�H�O�F �$�I�J�Q���� �5�I�F �'�1�(�" �J�T �N�B�O�V�G�B�D�U�V�S�F�E �J�O �B���� �O�N�4�V�Q�F�S �-�P�X �1�P�X�F�S �	�4�-�1�

�(�M�P�C�B�M�'�P�V�O�E�S�J�F�T�� �D�P�N�Q�M�F�N�F�O�U�B�S�Z �N�F�U�B�M���P�Y�J�E�F �T�F�N�J�D�P�O�E�V�D�U�P�S �	�$�.�0�4�
 �Q�S�P�D�F�T�T �J�O �%�S�F�T�E�F�O�
 �(�F�S�N�B�O�Z�

�B�O�E �D�P�O�T�J�T�U�T �N�B�J�O�M�Z �P�G �$�-�#�T �D�B�M�M�F�E�$�P�M�P�H�O�F �1�S�P�D�F�T�T�J�O�H �&�M�F�N�F�O�U�T �	�$�1�&�T�
�
 �#�3�"�. �D�F�M�M�T �B�O�E �1�-�-�T�������� �*���0
�Q�J�O�T �D�B�O �C�F �V�T�F�E �U�P �J�O�U�F�S�G�B�D�F �X�J�U�I �U�I�F �'�1�(�"�
 �T�V�Q�Q�P�S�U�J�O�H �T�J�O�H�M�F���F�O�E�F�E �B�O�E �E�J	8�F�S�F�O�U�J�B�M �T�J�H�O�B�M�T�� �%�F�T�J�H�O
�T�Z�O�U�I�F�T�J�T �J�T �Q�F�S�G�P�S�N�F�E �W�J�B �U�I�F �P�Q�F�O���T�P�V�S�D�F �:�P�T�Z�T �0�Q�F�O �4�:�O�U�I�F�T�J�T �4�V�J�U�F �	�:�P�T�Z�T�
�� �G�S�B�N�F�X�P�S�L�
 �B�O�E �U�I�F

���I�U�U�Q�T�������D�P�M�P�H�O�F�D�I�J�Q���D�P�N
���I�U�U�Q�T�������H�M�P�C�B�M�G�P�V�O�E�S�J�F�T���D�P�N��
���I�U�U�Q�T�������H�J�U�I�V�C���D�P�N���:�P�T�Z�T�)�2���Z�P�T�Z�T
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� ������������ �; �&����������������������

�J�N�Q�M�F�N�F�O�U�B�U�J�P�O �J�T �E�P�O�F �V�T�J�O�H �B �D�V�T�U�P�N �1�M�B�D�F �B�O�E �3�P�V�U�F �	�1���3�
 �U�P�P�M�
 �J�O�D�M�V�E�J�O�H �T�U�B�U�J�D �U�J�N�J�O�H �B�O�B�M�Z�T�J�T
�	�4�5�"�
��

�'�J�S�T�U�
 �U�I�F �S�B�E�J�B�U�J�P�O���N�B�U�U�F�S �J�O�U�F�S�B�D�U�J�P�O �N�F�D�I�B�O�J�T�N�T �B�S�F �Q�S�F�T�F�O�U�F�E�
 �B�O�E �U�I�F �S�F�T�V�M�U�J�O�H �F	8�F�D�U�T �P�O �F�M�F�D��
�U�S�P�O�J�D �E�F�W�J�D�F�T�� �5�I�F �(�B�U�F�.�B�U�F �'�1�(�" �J�T �B	Q�F�S�X�B�S�E�T �Q�S�F�T�F�O�U�F�E�
 �C�P�U�I �U�I�F �I�B�S�E�X�B�S�F �D�P�N�Q�P�O�F�O�U�T �B�O�E �U�I�F
�T�P	Q�X�B�S�F �E�F�T�J�H�O 	:�P�X�� �5�I�J�T �J�T �G�P�M�M�P�X�F�E �V�Q �C�Z �U�I�F �E�F�W�F�M�P�Q�N�F�O�U �P�G �B �U�F�T�U �T�Z�T�U�F�N �G�P�S �U�I�F �(�B�U�F�.�B�U�F �'�1�(�"
�G�P�S �S�B�E�J�B�U�J�P�O �U�F�T�U�T�� �5�I�F �1�$�# �J�T �C�B�T�F�E �P�O �U�I�F �$�&�3�/�ß�T �$�)�"�3�. �S�B�E�J�B�U�J�P�O �U�F�T�U�F�S �C�P�B�S�E �	�$�3�B�5�F�#�P�
 �B�O�E
�J�O�U�F�O�E�F�E �G�P�S �V�T�F �J�O �U�I�F �$�)�"�3�. �S�B�E�J�B�U�J�P�O �U�F�T�U�J�O�H �G�B�D�J�M�J�U�Z�� �"�O �B�E�E�J�U�J�P�O�B�M �1�$�# �X�B�T �B�M�T�P �E�F�W�F�M�P�Q�F�E �U�P
�B�V�H�N�F�O�U �U�I�F �(�B�U�F�.�B�U�F �F�W�B�M�V�B�U�J�P�O �C�P�B�S�E �X�J�U�I �B�O �'�1�(�" �.�F�[�[�B�O�J�O�F �$�B�S�E �	�'�.�$�
 �D�P�O�O�F�D�U�P�S�� �"	Q�F�S�X�B�S�E�T�

�U�I�F �U�F�T�U �N�F�U�I�P�E�P�M�P�H�Z �V�T�F�E �G�P�S �U�I�F �S�B�E�J�B�U�J�P�O �U�F�T�U�T �J�T �E�J�T�D�V�T�T�F�E�� �'�J�O�B�M�M�Z�
 �U�I�F �S�F�T�V�M�U�T �P�G �U�I�S�F�F �S�B�E�J�B�U�J�P�O �U�F�T�U�T
�D�B�N�Q�B�J�H�O�T �B�S�F �Q�S�F�T�F�O�U�F�E��

4



2
RadiationMechanismsandTheirEffects
onElectronics

�5�I�J�T �D�I�B�Q�U�F�S �J�O�U�S�P�E�V�D�F�T �B�O�E �E�J�T�D�V�T�T�F�T �U�I�F �J�O�U�F�S�B�D�U�J�P�O�T �P�G �Q�B�S�U�J�D�M�F�T �X�J�U�I �N�B�U�U�F�S �B�O�E �U�I�F�J�S �F	8�F�D�U�T �P�O
�F�M�F�D�U�S�P�O�J�D �E�F�W�J�D�F�T�� �*�O �Q�B�S�U�J�D�V�M�B�S�
 �U�I�F �G�P�D�V�T �M�J�F�T �P�O �N�F�U�B�M���P�Y�J�E�F �T�F�N�J�D�P�O�E�V�D�U�P�S �	�.�0�4�
 �D�P�N�Q�P�O�F�O�U�T�
 �B�T �U�I�F
�%�6�5 �'�1�(�" �J�T �C�B�T�F�E �P�O �$�.�0�4 �U�F�D�I�O�P�M�P�H�Z��

�*�O �U�I�F �S�B�E�J�B�U�J�P�O �D�P�N�N�V�O�J�U�Z�
 �U�I�F �U�F�S�N�K�V�Y�� �<�‹���D�N�^�T�>�J�T �V�T�F�E �U�P �E�F�T�D�S�J�C�F �U�I�F �B�N�P�V�O�U �P�G �Q�B�S�U�J�D�M�F�T �Q�B�T�T�J�O�H
�U�I�S�P�V�H�I �B�O �B�S�F�B �Q�F�S �V�O�J�U �U�J�N�F�� �)�F�S�F�
�� �S�F�Q�S�F�T�F�O�U�T �U�I�F �D�V�S�S�F�O�U�M�Z �P�C�T�F�S�W�F�E �U�Z�Q�F �P�G �Q�B�S�U�J�D�M�F�
 �J�O �U�I�J�T �D�B�T�F
�Q�S�P�U�P�O�T�� �5�I�F �J�O�U�F�H�S�B�M �P�G �U�I�F 	:�V�Y �P�W�F�S �B �H�J�W�F�O �U�J�N�F �Q�F�S�J�P�E �J�T �E�F	9�O�F�E �B�T �U�I�F�K�V�F�O�D�F�h �<�‹���D�N�^�>�� �'�V�S�U�I�F�S�N�P�S�F�

�U�I�F �B�C�T�P�S�C�F�E�E�P�T�F�ù �P�G �J�P�O�J�[�J�O�H �S�B�E�J�B�U�J�P�O �Q�F�S �V�O�J�U �N�B�T�T �J�T �N�F�B�T�V�S�F�E �J�O �U�I�F �V�O�J�U �(�S�B�Z �<�(�Z�>��

2.1 ParticleInteractionswithMatter

�8�I�F�O �N�B�U�U�F�S �J�T �T�U�S�V�D�L �C�Z �B �Q�B�S�U�J�D�M�F�
 �W�B�S�J�P�V�T �U�Z�Q�F�T �P�G �J�O�U�F�S�B�D�U�J�P�O�T �D�B�O �U�B�L�F �Q�M�B�D�F�� �5�I�F�T�F �J�O�U�F�S�B�D�U�J�P�O�T
�E�F�Q�F�O�E �P�O �U�I�F �U�Z�Q�F �B�O�E �F�O�F�S�H�Z �P�G �U�I�F �T�U�S�J�L�J�O�H �Q�B�S�U�J�D�M�F�
 �B�T �X�F�M�M �B�T �U�I�F �N�B�U�F�S�J�B�M �C�F�J�O�H �I�J�U�� �5�I�F �Q�B�S�U�J�D�M�F
�J�O�U�F�S�B�D�U�J�P�O �D�B�O �C�F �E�J�W�J�E�F�E �J�O�U�P �U�I�F �H�S�P�V�Q�T�Q�I�P�U�P�O�T�
�D�I�B�S�H�F�E �Q�B�S�U�J�D�M�F�T�B�O�E�O�F�V�U�S�P�O�T�
 �X�I�J�D�I �B�S�F �E�F�T�D�S�J�C�F�E
�J�O �N�P�S�F �E�F�U�B�J�M �J�O �U�I�F �G�P�M�M�P�X�J�O�H �T�V�C�T�F�D�U�J�P�O�T��

2.1.1 Photons

�1�I�P�U�P�O�T �D�B�O �J�O�U�F�S�B�D�U �X�J�U�I �B�O �B�U�P�N �W�J�B �U�I�S�F�F �E�J	8�F�S�F�O�U �U�Z�Q�F�T �P�G �J�O�U�F�S�B�D�U�J�P�O �Q�S�J�O�D�J�Q�M�F�T�
 �B�T �T�I�P�X�O �J�O �'�J�H��
�V�S�F ��������
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�'�J�H�V�S�F ���������*�M�M�V�T�U�S�B�U�J�P�O �P�G �Q�I�P�U�P�O���N�B�U�U�F�S �J�O�U�F�S�B�D�U�J�P�O�T
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� ������������ �< �/���������������� �*������������������ ������ �1�������� �"������������ ���� �"��������������������

�1�I�P�U�P�F�M�F�D�U�S�J�D �F�t�F�D�U
�*�G �U�I�F �F�O�F�S�H�Z �P�G �U�I�F �Q�I�P�U�P�O�ú�Á�J�T �T�J�N�J�M�B�S �U�P �U�I�F �C�J�O�E�J�O�H �F�O�F�S�H�Z �P�G �B�O �P�S�C�J�U�B�M �F�M�F�D�U�S�P�O�ú�C�J�O�E�ô�„
7�
 �B�M�M
�U�I�F �Q�I�P�U�P�O�ß�T �F�O�F�S�H�Z �J�T �U�S�B�O�T�G�F�S�S�F�E �U�P �U�I�F �F�M�F�D�U�S�P�O�� �5�I�F �F�M�F�D�U�S�P�O �J�T �U�I�F�O �F�K�F�D�U�F�E �G�S�P�N �U�I�F �B�U�P�N
�X�J�U�I �B �L�J�O�F�U�J�D �F�O�F�S�H�Z�ú�L�J�O�ô�„
7 �� �ú �Á
7 �ú�C�J�O�E�ô�„
7 �<�����>��

�$�P�N�Q�U�P�O �F�t�F�D�U
�*�G �U�I�F �F�O�F�S�H�Z �P�G �U�I�F �Q�I�P�U�P�O �J�T �N�V�D�I �H�S�F�B�U�F�S �U�I�B�O �U�I�F �C�J�O�E�J�O�H �F�O�F�S�H�Z �P�G �B�O �P�S�C�J�U�B�M �F�M�F�D�U�S�P�O�
 �U�I�F
�Q�I�P�U�P�O �D�B�O �D�P�M�M�J�E�F �X�J�U�I �U�I�F �F�M�F�D�U�S�P�O�� �5�I�F �Q�I�P�U�P�O �U�S�B�O�T�G�F�S�T �B �Q�B�S�U �P�G �J�U�T �F�O�F�S�H�Z �U�P �U�I�F �F�M�F�D�U�S�P�O�

�S�F�T�V�M�U�J�O�H �J�O �B�O �J�O�D�S�F�B�T�F �J�O �U�I�F �Q�I�P�U�P�O�ß�T �X�B�W�F�M�F�O�H�U�I �B�O�E �J�U�T �T�D�B�U�U�F�S�J�O�H�� �5�I�F �F�M�F�D�U�S�P�O �P�O �U�I�F �P�U�I�F�S
�I�B�O�E �J�T �F�K�F�D�U�F�E �G�S�P�N �U�I�F �B�U�P�N��

�1�B�J�S �Q�S�P�E�V�D�U�J�P�O
�5�I�J�T �J�O�U�F�S�B�D�U�J�P�O �O�F�D�F�T�T�J�U�B�U�F�T �U�I�B�U �U�I�F �U�S�B�K�F�D�U�P�S�Z �P�G �U�I�F �Q�I�P�U�P�O �J�T �W�F�S�Z �D�M�P�T�F �U�P �U�I�F �B�U�P�N�ß�T �O�V�D�M�F�V�T�

�B�O�E �U�I�B�U �U�I�F �Q�I�P�U�P�O�ß�T �F�O�F�S�H�Z �J�T �B�C�P�W�F �U�I�F �U�I�S�F�T�I�P�M�E�ú�Á �/ �� �� �„�D

�õ�
 �X�I�F�S�F�� �„ �J�T �U�I�F �N�B�T�T �P�G �B�O
�F�M�F�D�U�S�P�O �<�����>�� �*�O �U�I�J�T �D�B�T�F�
 �U�I�F �Q�I�P�U�P�O �D�B�O �M�P�T�F �B�M�M �P�G �J�U�T �F�O�F�S�H�Z �B�O�E �Q�S�P�E�V�D�F �B�O �F�M�F�D�U�S�P�O���Q�P�T�J�U�S�P�O
�Q�B�J�S��

2.1.2 Neutrons

�#�F�D�B�V�T�F �O�F�V�U�S�P�O�T �B�S�F �F�M�F�D�U�S�J�D�B�M�M�Z �O�F�V�U�S�B�M�
 �U�I�F�J�S �P�O�M�Z �J�O�U�F�S�B�D�U�J�P�O �N�F�D�I�B�O�J�T�N �J�T �W�J�B �O�V�D�M�F�B�S �J�O�U�F�S�B�D�U�J�P�O�T
�	�T�I�P�X�O �J�O �'�J�H�V�S�F �������
�� �5�I�F�T�F �D�B�O �C�F �T�Q�M�J�U �V�Q �J�O�U�P �U�I�F �G�P�M�M�P�X�J�O�H �G�P�V�S �Q�S�J�O�D�J�Q�M�F�T��
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�'�J�H�V�S�F ���������*�M�M�V�T�U�S�B�U�J�P�O �P�G �O�F�V�U�S�P�O���N�B�U�U�F�S �J�O�U�F�S�B�D�U�J�P�O�T

�/�F�V�U�S�P�O �B�C�T�P�S�Q�U�J�P�O
�8�I�F�O �B �O�F�V�U�S�P�O �	�N�B�J�O�M�Z �U�I�F�S�N�B�M �O�F�V�U�S�P�O�T �X�J�U�I �B�O �F�O�F�S�H�Z �P�G �B�S�P�V�O�E���� �N�F�7�
 �J�T �B�C�T�P�S�C�F�E �C�Z �B
�O�V�D�M�F�V�T�
 �U�I�F �F�O�F�S�H�Z �P�G �U�I�F �O�V�D�M�F�V�T �J�O�D�S�F�B�T�F�T�
 �X�I�J�D�I �M�F�B�W�F�T �J�U �J�O �B �T�U�B�U�F �P�G �F�Y�D�J�U�B�U�J�P�O�� �5�P �M�F�B�W�F �U�I�J�T
�T�U�B�U�F�
 �U�I�F �O�V�D�M�F�V�T �N�V�T�U �M�P�T�F �F�O�F�S�H�Z �W�J�B �Q�I�P�U�P�O �F�N�J�T�T�J�P�O��

�'�J�T�T�J�P�O
�8�I�F�O �B �O�F�V�U�S�P�O �J�T �B�C�T�P�S�C�F�E �C�Z �B �W�F�S�Z �I�F�B�W�Z �B�U�P�N�J�D �O�V�D�M�F�V�T�
 �U�I�F �O�V�D�M�F�V�T �D�B�O �H�F�U �T�Q�M�J�U �J�O�U�P �T�N�B�M�M�F�S
�O�V�D�M�F�J�
 �B�M�T�P �D�B�M�M�F�E�J�T�T�J�P�O �G�S�B�H�N�F�O�U�T�� �5�I�J�T �Q�S�P�D�F�T�T �B�M�T�P �S�F�M�F�B�T�F�T �F�O�F�S�H�Z �J�O �U�I�F �G�P�S�N �P�G �Q�I�P�U�P�O�T��

�*�O�F�M�B�T�U�J�D �T�D�B�U�U�F�S�J�O�H
�4�J�N�J�M�B�S �U�P �U�I�F �B�C�T�P�S�Q�U�J�P�O �Q�S�P�D�F�T�T �E�F�T�D�S�J�C�F�E �J�O �U�I�F 	9�S�T�U �Q�S�J�O�D�J�Q�M�F�
 �U�I�F �J�O�D�J�E�F�O�U �O�F�V�U�S�P�O �J�U�T �B�C�T�P�S�C�F�E
�C�Z �U�I�F �O�V�D�M�F�V�T�� �5�I�F �O�V�D�M�F�V�T �U�I�F�O �F�N�J�U�T �B �O�F�V�U�S�P�O �P�G �M�P�X�F�S �F�O�F�S�H�Z �U�I�B�O �U�I�F �J�O�D�J�E�F�O�U �O�F�V�U�S�P�O �B�O�E
�C�F�D�P�N�F�T �F�Y�D�J�U�F�E�� �5�I�J�T �F�Y�D�J�U�B�U�J�P�O �T�U�B�U�F �J�T �U�I�F�O �M�F	Q �W�J�B �Q�I�P�U�P�O �F�N�J�T�T�J�P�O��

�&�M�B�T�U�J�D �T�D�B�U�U�F�S�J�O�H
�"	Q�F�S �D�P�M�M�J�E�J�O�H �X�J�U�I �B�O �B�U�P�N�J�D �O�V�D�M�F�V�T�
 �U�I�F �O�F�V�U�S�P�O �U�S�B�O�T�G�F�S�T �T�P�N�F �P�G �J�U�T �F�O�F�S�H�Z �U�P �U�I�F �O�V�D�M�F�V�T��
�#�P�U�I �B�S�F �B�E�E�J�U�J�P�O�B�M�M�Z �T�D�B�U�U�F�S�F�E��
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2.1.3 ChargedParticles

�$�I�B�S�H�F�E �Q�B�S�U�J�D�M�F�T �T�V�D�I �B�T �Q�J�P�O�T�
 �Q�S�P�U�P�O�T�
 �L�B�P�O�T�
 �N�V�P�O�T �F�U�D���
 �B�T �U�I�F�J�S �O�B�N�F �J�N�Q�M�J�F�T�
 �I�B�W�F �B�O �F�M�F�D�U�S�J�D
�D�I�B�S�H�F� �� �� �$�� �"�T �B �S�F�T�V�M�U�
 �U�I�F �G�P�M�M�P�X�J�O�H �$�P�V�M�P�N�C�J�B�O �J�O�U�F�S�B�D�U�J�P�O�T �	�'�J�H�V�S�F �������
 �D�B�O �P�D�D�V�S �X�I�F�O �U�I�F�T�F
�Q�B�S�U�J�D�M�F�T �D�P�M�M�J�E�F �X�J�U�I �N�B�U�U�F�S��
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�'�J�H�V�S�F ���������*�M�M�V�T�U�S�B�U�J�P�O �P�G �D�I�B�S�H�F�E �Q�B�S�U�J�D�M�F���N�B�U�U�F�S �J�O�U�F�S�B�D�U�J�P�O�T

�#�S�F�N�T�T�U�S�B�I�M�V�O�H
�8�I�F�O �B �M�J�H�I�U �Q�B�S�U�J�D�M�F �	�G�P�S �F�Y�B�N�Q�M�F �B�O �F�M�F�D�U�S�P�O�
 �Q�B�T�T�F�T �O�F�B�S �U�I�F �O�V�D�M�F�V�T �P�G �B�O �B�U�P�N�
 �U�I�F �F�M�F�D�U�S�J�D
�D�I�B�S�H�F �P�G �U�I�F �O�V�D�M�F�V�T �D�B�O �E�F	:�F�D�U �U�I�F �F�M�F�D�U�S�P�O�ß�T �U�S�B�K�F�D�U�P�S�Z�� �%�V�S�J�O�H �U�I�J�T �Q�S�P�D�F�T�T�
 �U�I�F �F�O�F�S�H�Z �P�G �U�I�F
�F�M�F�D�U�S�P�O �H�F�U�T �S�F�E�V�D�F�E�
 �X�I�J�D�I �S�F�T�V�M�U�T �J�O �U�I�F �F�N�J�T�T�J�P�O �P�G �B �Q�I�P�U�P�O��

�*�P�O�J�[�B�U�J�P�O
�8�I�F�O �B �Q�B�S�U�J�D�M�F �U�S�B�W�F�M�T �O�F�B�S �B�O �P�S�C�J�U�J�O�H �F�M�F�D�U�S�P�O �B�O�E �J�U�T �F�O�F�S�H�Z �J�T �H�S�F�B�U�F�S �U�I�B�O �U�I�F �C�J�O�E�J�O�H �F�O�F�S�H�Z
�P�G �U�I�F �P�S�C�J�U�B�M �F�M�F�D�U�S�P�O�
 �U�I�F �P�S�C�J�U�B�M �F�M�F�D�U�S�P�O �J�T �F�K�F�D�U�F�E �G�S�P�N �U�I�F �B�U�P�N��

�&�Y�D�J�U�B�U�J�P�O
�8�I�F�O �B �Q�B�S�U�J�D�M�F �D�M�P�T�F �U�P �B�O �P�S�C�J�U�J�O�H �F�M�F�D�U�S�P�O �B�O�E �J�U�T �F�O�F�S�H�Z �J�T �M�P�X�F�S �U�I�B�O �U�I�F �C�J�O�E�J�O�H �F�O�F�S�H�Z �P�G
�U�I�F �P�S�C�J�U�B�M �F�M�F�D�U�S�P�O�
 �U�I�F �P�S�C�J�U�B�M �F�M�F�D�U�S�P�O �J�T �F�Y�D�J�U�F�E �U�P �B �I�J�H�I�F�S �F�O�F�S�H�Z �T�U�B�U�F�� �"	Q�F�S �B �X�I�J�M�F�
 �U�I�F
�F�M�F�D�U�S�P�O �X�J�M�M �M�F�B�W�F �U�I�J�T �T�U�B�U�F �P�G �F�Y�D�J�U�B�U�J�P�O�
 �D�B�V�T�J�O�H �J�U �U�P �S�F�M�F�B�T�F �F�O�F�S�H�Z �J�O �U�I�F �G�P�S�N �P�G �B �Q�I�P�U�P�O��

�*�O �B�E�E�J�U�J�P�O �U�P �U�I�F �$�P�V�M�P�N�C �J�O�U�F�S�B�D�U�J�P�O�T �N�F�O�U�J�P�O�F�E �B�C�P�W�F�
 �D�I�B�S�H�F�E �Q�B�S�U�J�D�M�F�T �D�B�O �B�M�T�P �V�O�E�F�S�H�P �O�V�D�M�F�B�S
�J�O�U�F�S�B�D�U�J�P�O�T �X�I�F�O �J�O�U�F�S�B�D�U�J�O�H �X�J�U�I �N�B�U�U�F�S��

2.1.4 EnergyLossthroughInteractions

�*�O �U�I�F �D�B�T�F �P�G �J�P�O�J�[�B�U�J�P�O�
 �U�I�F �U�F�S�N�E�J�S�F�D�U �J�P�O�J�[�B�U�J�P�O�J�T �V�T�F�E �U�P �E�F�T�D�S�J�C�F �X�I�F�O �U�I�F �J�P�O�J�[�B�U�J�P�O �J�T �D�B�V�T�F�E
�C�Z �U�I�F �J�O�D�J�E�F�O�U�Q�S�J�N�B�S�Z �Q�B�S�U�J�D�M�F�� �*�G �U�I�F �Q�B�S�U�J�D�M�F�T �H�F�O�F�S�B�U�F�E �C�Z �U�I�F �J�O�J�U�J�B�M �J�O�U�F�S�B�D�U�J�P�O �I�B�W�F �T�V	;�D�J�F�O�U
�F�O�F�S�H�Z�
 �U�I�F�O �U�I�F�T�F �T�P �D�B�M�M�F�E�T�F�D�P�O�E�B�S�Z �Q�B�S�U�J�D�M�F�T�D�B�O �B�M�T�P �D�B�V�T�F �G�V�S�U�I�F�S �J�P�O�J�[�J�O�H �J�O�U�F�S�B�D�U�J�P�O�T�� �5�I�J�T �J�T
�D�B�M�M�F�E�J�O�E�J�S�F�D�U �J�P�O�J�[�B�U�J�P�O�� �*�O �U�I�F �U�B�S�H�F�U �N�B�U�U�F�S�
 �U�I�F �Q�S�J�N�B�S�Z �Q�B�S�U�J�D�M�F�ß�T �J�O�U�F�S�B�D�U�J�P�O �X�J�M�M �E�P�N�J�O�B�U�F�
 �B�T �U�I�F
�F�O�F�S�H�Z �P�G �U�I�F �Q�B�S�U�J�D�M�F �J�T �U�I�F �I�J�H�I�F�T�U �B�U �U�I�J�T �T�U�B�H�F �<�����>�� �5�I�F �F�O�F�S�H�Z �M�P�T�T �D�B�O �C�F �D�B�U�F�H�P�S�J�[�F�E �J�O�U�P �U�X�P
�H�S�P�V�Q�T�
�J�P�O�J�[�J�O�H �F�O�F�S�H�Z �M�P�T�T �	�*�&�-�
�B�O�E�O�P�O���J�P�O�J�[�J�O�H �F�O�F�S�H�Z �M�P�T�T �	�/�*�&�-�
�
 �X�I�J�D�I �D�B�O �C�F �E�J�T�U�J�O�H�V�J�T�I�F�E �C�Z �U�I�F
�G�P�M�M�P�X�J�O�H �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T��

�*�P�O�J�[�J�O�H �F�O�F�S�H�Z �M�P�T�T
�&�O�F�S�H�Z �M�P�T�U �U�P �J�P�O�J�[�J�O�H �J�O�U�F�S�B�D�U�J�P�O�T �	�F���H���
 �Q�I�P�U�P�F�M�F�D�U�S�J�D �B�O�E �$�P�N�Q�U�P�O �F	8�F�D�U�
 �J�P�O�J�[�B�U�J�P�O�
��

�/�P�O���J�P�O�J�[�J�O�H �F�O�F�S�H�Z �M�P�T�T
�&�O�F�S�H�Z �M�P�T�U �U�P �O�P�O���J�P�O�J�[�J�O�H �B�O�E �O�V�D�M�F�B�S �J�O�U�F�S�B�D�U�J�P�O�T �	�F���H���
 �Q�B�J�S �Q�S�P�E�V�D�U�J�P�O�
 �C�S�F�N�T�T�U�S�B�I�M�V�O�H�

�F�Y�D�J�U�B�U�J�P�O�
 �B�C�T�P�S�Q�U�J�P�O�
 	9�T�T�J�P�O�
 �J�O�F�M�B�T�U�J�D �B�O�E �F�M�B�T�U�J�D �T�D�B�U�U�F�S�J�O�H�
��
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�8�J�U�I �F�B�D�I �J�O�U�F�S�B�D�U�J�P�O�
 �F�O�F�S�H�Z �P�G �U�I�F �J�O�D�J�E�F�O�U �Q�B�S�U�J�D�M�F �J�T �S�F�E�V�D�F�E�
 �V�O�U�J�M �J�U �J�T �D�P�N�Q�M�F�U�F�M�Z �T�U�P�Q�Q�F�E�� �5�I�F
�B�N�P�V�O�U �P�G �F�O�F�S�H�Z �M�P�T�U�E�ú�Q�F�S �E�J�T�U�B�O�D�F �U�S�B�W�F�M�F�E�E�'�J�T �R�V�B�O�U�J	9�F�E �C�Z �U�I�F�M�J�O�F�B�S �F�O�F�S�H�Z �U�S�B�O�T�G�F�S �	�-�&�5�
�

�X�I�J�D�I�
 �J�O �J�U�T �H�F�O�F�S�B�M �G�P�S�N�
 �J�T �E�F	9�O�F�E �C�Z �	�������
��

���ú�	 ��
�E�ú
�E�'

	‡
�.�F�7
�D�N

	ˆ �	�������


�5�I�F �S�B�U�F �P�G �U�I�F �Q�B�S�U�J�D�M�F�ß�T �F�O�F�S�H�Z �M�P�T�T �E�V�F �U�P �U�I�F �W�B�S�J�P�V�T �J�O�U�F�S�B�D�U�J�P�O�T �D�B�O �C�F �O�P�S�N�B�M�J�[�F�E �U�P �U�I�F �E�F�O�T�J�U�Z
�{ �P�G �U�I�F �T�U�S�V�D�L �N�B�U�F�S�J�B�M�� �5�I�J�T �S�F�T�V�M�U�T �J�O �U�I�F �N�B�T�T �T�U�P�Q�Q�J�O�H �Q�P�X�F�S�� �B�T �E�F	9�O�F�E �J�O �	�������
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�1�B�S�U�J�D�M�F�T �U�I�B�U �B�S�F �B	8�F�D�U�F�E �C�Z �U�I�F �T�U�S�P�O�H �O�V�D�M�F�B�S �G�P�S�D�F�
 �J���F���
 �I�B�E�S�P�O�T�
 �X�J�M�M �I�B�W�F �B�O �F�O�F�S�H�Z �Q�F�B�L �B�U �U�I�F
�F�O�E �P�G �U�I�F�J�S �Q�B�U�I �U�I�S�P�V�H�I �N�B�U�U�F�S�
 �X�I�J�D�I �J�T �D�B�M�M�F�E �U�I�F�#�S�B�H�H���1�F�B�L�<�����>��

�%�F�Q�F�O�E�J�O�H �P�O �U�I�F �U�Z�Q�F �P�G �J�O�U�F�S�B�D�U�J�P�O�
 �U�X�P �U�Z�Q�F�T �P�G �E�B�N�B�H�F �F	8�F�D�U�T �D�B�O �C�F �P�C�T�F�S�W�F�E�
�5�*�%�B�O�E�%�%��
�8�I�J�M�F�
 �G�P�S �D�I�B�S�H�F�E �Q�B�S�U�J�D�M�F�T�
 �U�I�F �$�P�V�M�P�N�C�J�B�O �J�O�U�F�S�B�D�U�J�P�O�T �Q�S�F�W�B�J�M�
 �M�F�B�E�J�O�H �U�P �J�P�O�J�[�J�O�H �E�P�T�F �F	8�F�D�U�T�

�O�F�V�U�S�P�O�T �N�B�J�O�M�Z �D�B�V�T�F �E�J�T�Q�M�B�D�F�N�F�O�U �E�B�N�B�H�F �<�����>��

2.2 RadiationEffectsonElectronics

�5�I�J�T �T�F�D�U�J�P�O �J�O�U�S�P�E�V�D�F�T �U�I�F �F	8�F�D�U�T �U�I�B�U �Q�B�S�U�J�D�M�F�T �D�B�O �I�B�W�F �P�O �F�M�F�D�U�S�P�O�J�D�T�� �5�I�F�T�F �D�B�O �J�O�J�U�J�B�M�M�Z �C�F �E�J�W�J�E�F�E
�J�O�U�P�D�V�N�V�M�B�U�J�W�F �F�I�F�D�U�T�B�O�E�4�&�&�T�
 �X�J�U�I �U�I�F �G�P�M�M�P�X�J�O�H �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T��

�$�V�N�V�M�B�U�J�W�F �F�t�F�D�U�T
�"�T �U�I�F �O�B�N�F �J�N�Q�M�J�F�T�
 �D�V�N�V�M�B�U�J�W�F �F	8�F�D�U�T �B�S�F �B�D�D�V�N�V�M�B�U�F�E �V�Q �P�W�F�S �U�I�F �M�J�G�F�U�J�N�F �P�G �B �D�P�N�Q�P�O�F�O�U �B�O�E
�B�S�F �D�B�V�T�F�E �C�Z �%�% �B�O�E �5�*�%�� �"�M�U�I�P�V�H�I �O�P�U �J�N�N�F�E�J�B�U�F�M�Z �W�J�T�J�C�M�F�
 �U�I�F�T�F �F	8�F�D�U�T �M�F�B�E �U�P �B �E�F�H�S�B�E�B�U�J�P�O
�P�G �U�I�F �D�P�N�Q�P�O�F�O�U�ß�T �J�O�U�F�S�O�B�M �Q�B�S�B�N�F�U�F�S�T�
 �G�P�S �F�Y�B�N�Q�M�F �B �T�I�J	Q �J�O �U�I�F �H�B�U�F���T�P�V�S�D�F �U�I�S�F�T�I�P�M�E �W�P�M�U�B�H�F
�P�G �B �.�0�4�'�&�5��

�4�J�O�H�M�F���F�W�F�O�U �F�t�F�D�U�T
�" �T�J�O�H�M�F �Q�B�S�U�J�D�M�F �J�O�E�V�D�J�O�H �B�O �*�&�- �D�B�O �M�F�B�E �U�P �4�&�&�T�
 �X�I�J�D�I �D�B�O �C�F �E�J�W�J�E�F�E �J�O�U�P �E�F�T�U�S�V�D�U�J�W�F �B�O�E
�O�P�O���E�F�T�U�S�V�D�U�J�W�F �F	8�F�D�U�T�� �5�I�F�T�F �E�P �O�P�U �D�I�B�O�H�F �U�I�F �D�P�N�Q�P�O�F�O�U�ß�T �Q�B�S�B�N�F�U�F�S�T�
 �C�V�U �N�P�E�J�G�Z �J�U�T �C�F�I�B�W�J�P�S��

�4�J�O�D�F �U�I�F �%�6�5 �J�T �C�B�T�F�E �P�O �$�.�0�4 �U�F�D�I�O�P�M�P�H�Z�
 �U�I�F �G�P�M�M�P�X�J�O�H �F�Y�Q�M�B�O�B�U�J�P�O�T �X�J�M�M �N�B�J�O�M�Z �S�F�G�F�S �U�P �U�I�J�T
�U�Z�Q�F �P�G �E�F�W�J�D�F��

2.2.1 TIDEffects

�5�I�F �5�*�% �B�C�T�P�S�C�F�E �C�Z �B �N�B�U�F�S�J�B�M �X�I�F�O �I�J�U �C�Z �Q�B�S�U�J�D�M�F�T �J�T �E�F	9�O�F�E �J�O�	�������
�
 �X�J�U�I �U�I�F �V�O�J�U �D�P�O�W�F�S�T�J�P�O �G�B�D�U�P�S
�� �(�Z �� ������ 
N ����
7�è�(�Z �H �.�F�7��

�ù�5�*�%�� �� �(�Z�÷
���ú�	 �	�ú�


�{
�h�	�{�
 �ú�
 �E�ú �<�(�Z�> �	�������


�5�I�F �5�*�% �F	8�F�D�U�T �J�O �.�0�4�'�&�5�T �B�S�F �D�B�V�T�F�E �C�Z �J�P�O�J�[�J�O�H �J�O�U�F�S�B�D�U�J�P�O�T �J�O �U�I�F�4�J�0�� �P�Y�J�E�F �M�B�Z�F�S�T �P�G �U�I�F
�U�S�B�O�T�J�T�U�P�S�
 �B�O�E �U�I�F �T�Q�F�D�J	9�D �M�B�Z�F�S �B	8�F�D�U�F�E �E�F�Q�F�O�E�T �P�O �U�I�F �V�T�F�E �Q�S�P�D�F�T�T �T�J�[�F�� �'�P�S �.�0�4�'�&�5�T �X�J�U�I �B �M�B�S�H�F
�H�B�U�F �P�Y�J�E�F �U�I�J�D�L�O�F�T�T �	�� �� �O�N�
�
 �T�V�D�I �B�T �U�I�P�T�F �V�T�F�E �B�T �*���0 �U�S�B�O�T�J�T�U�P�S�T �J�O �'�1�(�"�T�
 �U�I�F �B	8�F�D�U�F�E �P�Y�J�E�F �M�B�Z�F�S �J�T
�C�F�U�X�F�F�O �U�I�F �H�B�U�F �B�O�E �U�I�F�4�J�0�����4�J�J�O�U�F�S�G�B�D�F �<�����>�� �.�P�E�F�S�O �$�.�0�4 �Q�S�P�D�F�T�T�F�T �P�O �U�I�F �P�U�I�F�S �I�B�O�E �I�B�W�F �T�N�B�M�M
�H�B�U�F �P�Y�J�E�F �U�I�J�D�L�O�F�T�T�
 �S�F�T�V�M�U�J�O�H �J�O �B �I�J�H�I�F�S �F�M�F�D�U�S�P�O���I�P�M�F �N�P�C�J�M�J�U�Z �J�O �U�I�J�T �M�B�Z�F�S�
 �B�O�E �S�F�E�V�D�F�E �S�B�E�J�B�U�J�P�O
�F	8�F�D�U�T �J�O �U�I�F �H�B�U�F �P�Y�J�E�F �<�����>�� �)�P�X�F�W�F�S�
 �U�I�F�Z �B�S�F �T�V�C�K�F�D�U �U�P �5�*�% �F	8�F�D�U�T �J�O �U�I�F �T�I�B�M�M�P�X �U�S�F�O�D�I �J�T�P�M�B�U�J�P�O
�	�4�5�*�
 �P�Y�J�E�F�� �5�I�J�T �P�Y�J�E�F �J�T �V�T�F�E �B�U �U�I�F�T�F �Q�S�P�D�F�T�T �O�P�E�F�T �U�P �J�T�P�M�B�U�F �U�S�B�O�T�J�T�U�P�S�T �G�S�P�N �F�B�D�I �P�U�I�F�S �B�O�E �T�U�J�M�M �I�B�T
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� ������������ �< �/���������������� �*������������������ ������ �1�������� �"������������ ���� �"��������������������

�B �M�B�S�H�F �P�Y�J�E�F �U�I�J�D�L�O�F�T�T �<�����>�� �*�O �U�I�F �P�Y�J�E�F �P�G �B �.�0�4�'�&�5�
 �V�Q�P�O �H�F�U�U�J�O�H �T�U�S�V�D�L �C�Z �B �Q�B�S�U�J�D�M�F�
 �F�M�F�D�U�S�P�O���I�P�M�F
�	�F���I�
 �Q�B�J�S�T �B�S�F �H�F�O�F�S�B�U�F�E�� �5�I�J�T �S�F�T�V�M�U�T �J�O �B �D�I�B�S�H�F �C�V�J�M�E���V�Q �J�O �U�I�F �J�O�T�V�M�B�U�J�P�O �B�O�E �T�V�C�T�F�R�V�F�O�U�M�Z �U�P �U�I�F
�B�G�P�S�F�N�F�O�U�J�P�O�F�E �E�F�H�S�B�E�B�U�J�P�O �P�G �E�F�W�J�D�F �Q�B�S�B�N�F�U�F�S�T��

�$�P�O�T�J�E�F�S�J�O�H �B�O �/���D�I�B�O�O�F�M �.�0�4�'�&�5 �B�T �B�O �F�Y�B�N�Q�M�F �P�G �U�I�F �F	8�F�D�U�T �P�O �U�I�J�D�L �H�B�U�F �P�Y�J�E�F �M�B�Z�F�S�T �	�'�J�H�V�S�F �������
�

�B�O �F�M�F�D�U�S�J�D 	9�F�M�E �J�T �B�Q�Q�M�J�F�E �B�D�S�P�T�T �U�I�F�4�J�0�� �M�B�Z�F�S �E�V�S�J�O�H �O�P�S�N�B�M �P�Q�F�S�B�U�J�P�O�� �5�I�F �G�P�M�M�P�X�J�O�H �Q�S�P�D�F�T�T�F�T �P�D�D�V�S
�B	Q�F�S �B�O �J�P�O�J�[�J�O�H �J�O�U�F�S�B�D�U�J�P�O �	�'�J�H�V�S�F �������
��

������������
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�'�J�H�V�S�F ���������4�U�S�V�D�U�V�S�F �P�G �B�O �O���D�I�B�O�O�F�M �.�0�4�'�&�5 �V�T�F�E �U�P �E�F�T�D�S�J�C�F �U�I�F �5�*�% �F	8�F�D�U�� �5�I�F�4�J�0�����4�J�J�O�U�F�S�G�B�D�F�

�X�I�J�D�I �J�T �T�I�P�X�O �J�O �U�I�F �N�B�H�O�J	9�F�E �W�J�F�X �P�O �U�I�F �M�F	Q�
 �J�T �U�I�F �C�P�S�E�F�S �B�S�F�B �C�F�U�X�F�F�O �U�I�F �4�J�0�� �B�O�E �4�J �M�B�Z�F�S�T��

���� �F���I �Q�B�J�S�T �B�S�F �H�F�O�F�S�B�U�F�E �C�Z �U�I�F �J�N�Q�B�D�U��

���� �4�P�N�F �F���I �Q�B�J�S�T �S�F�D�P�N�C�J�O�F �B	Q�F�S �B �T�I�P�S�U �B�N�P�V�O�U �P�G �U�J�N�F�
 �X�I�J�M�F �P�U�I�F�S �Q�B�J�S�T �B�S�F �T�F�Q�B�S�B�U�F�E �C�Z �U�I�F
�B�Q�Q�M�J�F�E �F�M�F�D�U�S�J�D 	9�F�M�E �B�O�E �U�I�F �S�F�T�V�M�U�J�O�H �E�S�J	Q �Q�S�P�D�F�T�T�F�T�� �5�I�F �G�S�B�D�U�J�P�O �P�G �O�P�U���S�F�D�P�N�C�J�O�F�E �F���I �Q�B�J�S�T �J�T
�S�F�G�F�S�S�F�E �U�P �B�T�D�I�B�S�H�F �Z�J�F�M�E��

���� �5�I�F �T�F�Q�B�S�B�U�F�E �F�M�F�D�U�S�P�O�T�
 �E�V�F �U�P �U�I�F�J�S �I�J�H�I �N�P�C�J�M�J�U�Z�
 �F�T�D�B�Q�F �U�I�S�P�V�H�I �U�I�F �H�B�U�F�� �0�O �U�I�F �P�U�I�F�S �I�B�O�E�

�U�I�F �T�M�P�X�F�S �I�P�M�F�T �E�S�J	Q �U�I�S�P�V�H�I �U�I�F �4�J�0�� �M�B�Z�F�S �U�P�X�B�S�E�T �U�I�F �T�V�C�T�U�S�B�U�F��

���� �4�P�N�F �I�P�M�F�T �D�B�O �C�F �U�S�B�Q�Q�F�E �J�O �U�I�F �P�Y�J�E�F�
 �M�F�B�E�J�O�H �U�P�P�Y�J�E�F �U�S�B�Q�T��

���� �)�P�M�F�T �U�S�B�W�F�M�J�O�H �U�I�S�P�V�H�I �U�I�F �P�Y�J�E�F �B�M�T�P �S�F�M�F�B�T�F �Q�S�P�U�P�O�T�
 �X�I�J�D�I �D�B�O �C�F �U�S�B�Q�Q�F�E �B�U �U�I�F�4�J�0�����4�J
�J�O�U�F�S�G�B�D�F�� �5�I�F�T�F �B�S�F �D�B�M�M�F�E�J�O�U�F�S�G�B�D�F �U�S�B�Q�T��

���� �#�P�U�I �U�S�B�Q�T �T�I�J	Q �U�I�F �W�P�M�U�B�H�F �U�I�S�F�T�I�P�M�E �P�G �U�I�F �E�F�W�J�D�F�� �*�O �B�E�E�J�U�J�P�O�
 �J�O�U�F�S�G�B�D�F �U�S�B�Q�T �B�M�T�P �M�F�B�E �U�P �B
�S�F�E�V�D�U�J�P�O �J�O �U�I�F �N�P�C�J�M�J�U�Z �P�G �U�I�F �D�I�B�S�H�F �D�B�S�S�J�F�S�T�
 �X�I�J�D�I �J�O �U�V�S�O �S�F�E�V�D�F�T �U�I�F �T�M�P�Q�F �P�G �U�I�F�� �(�4���þ�E
�D�V�S�W�F �<�����>��

��

�� ��

�	�B�
�" �Q�I�P�U�P�O �I�J�U�T �Q�B�S�U �P�G �U�I�F �4�J�0��

�P�Y�J�E�F�
 �D�S�F�B�U�J�O�H �B�O �F�M�F�D�U�S�P�O���I�P�M�F �Q�B�J�S��

��

�	�C�
�5�I�F �F�M�F�D�U�S�P�O �U�S�B�W�F�M�T �U�P �U�I�F �H�B�U�F�

�X�I�J�M�F �U�I�F �I�P�M�F �E�S�J	Q�T �U�P �U�I�F �4�J���4�J�0��

�J�O�U�F�S�G�B�D�F�
 �S�F�M�F�B�T�J�O�H �Q�S�P�U�P�O�T��

�� ���� �� ����

�	�D�
�5�S�B�Q�Q�F�E �I�P�M�F�T �G�P�S�N �P�Y�J�E�F �U�S�B�Q�T
�o �0�5�
 �X�I�J�M�F �U�I�F �U�S�B�Q�Q�F�E �Q�S�P�U�P�O�T �G�P�S�N
�J�O�U�F�S�G�B�D�F �U�S�B�Q�T�o �*�5��

�'�J�H�V�S�F ���������5�*�% �F	8�F�D�U�T �J�O �B�O �O���D�I�B�O�O�F�M �.�0�4�'�&�5
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�5�I�F �5�*�% �F	8�F�D�U�T �J�O �U�I�F �H�B�U�F �P�Y�J�E�F�T �P�G �C�P�U�I �Q�.�0�4 �B�O�E �O�.�0�4 �U�S�B�O�T�J�T�U�P�S�T �D�B�O �C�F �T�V�N�N�F�E �V�Q �B�T �G�P�M�M�P�X�J�O�H��

�Q�.�0�4
�)�J�H�I�F�S �W�P�M�U�B�H�F �S�F�R�V�J�S�F�E �U�P �D�S�F�B�U�F �B�O �J�O�W�F�S�T�J�P�O �D�I�B�O�O�F�M �Ù �W�P�M�U�B�H�F �U�I�S�F�T�I�P�M�E �J�O�D�S�F�B�T�F�T �Ù �U�I�F
�U�S�B�O�T�J�T�U�P�S �J�T �I�B�S�E�F�S �U�P �U�V�S�O �P�O �Ù �X�P�S�T�U �D�B�T�F�� �U�S�B�O�T�J�T�U�P�S �T�U�B�Z�T �P	8

�O�.�0�4
�-�P�X�F�S �W�P�M�U�B�H�F �S�F�R�V�J�S�F�E �U�P �D�S�F�B�U�F �B�O �J�O�W�F�S�T�J�P�O �D�I�B�O�O�F�M �Ù �W�P�M�U�B�H�F �U�I�S�F�T�I�P�M�E �E�F�D�S�F�B�T�F�T �Ù �U�I�F
�U�S�B�O�T�J�T�U�P�S �J�T �F�B�T�J�F�S �U�P �U�V�S�O �P�O �Ù �X�P�S�T�U �D�B�T�F�� �U�S�B�O�T�J�T�U�P�S �T�U�B�Z�T �P�O

�0�O�F �U�I�J�O�H �U�P �O�P�U�F �I�F�S�F �J�T �U�I�B�U �U�I�F �W�P�M�U�B�H�F �U�I�S�F�T�I�P�M�E �P�G �U�I�F �O�.�0�4 �U�S�B�O�T�J�T�U�P�S �D�B�O �B�M�T�P �T�I�J	Q �U�P �J�U�T
�Q�S�F���J�S�S�B�E�J�B�U�J�P�O �W�B�M�V�F �J�G �U�I�F �B�D�D�V�N�V�M�B�U�F�E �E�P�T�F �J�T �I�J�H�I �F�O�P�V�H�I�� �*�U �I�B�T �C�F�F�O �T�I�P�X�O �J�O �<�����> �U�I�B�U �U�I�J�T �F	8�F�D�U
�P�D�D�V�S�T �B	Q�F�S �B �E�P�T�F �P�G���� �L�(�Z �U�P���� �L�(�Z��

�5�I�F �B�G�P�S�F�N�F�O�U�J�P�O�F�E �F	8�F�D�U�T �P�G �U�I�F �W�P�M�U�B�H�F �T�I�J	Q �B�O�E �U�I�F �S�F�E�V�D�U�J�P�O �P�G �U�I�F�� �(�4���þ�E�T�M�P�Q�F �P�O�M�Z �I�B�Q�Q�F�O�T �J�O
�U�I�J�D�L �H�B�U�F �P�Y�J�E�F�T�� �0�O �U�I�F �P�U�I�F�S �I�B�O�E�
 �U�I�F �5�*�% �F	8�F�D�U�T �J�O �N�P�E�F�S�O �$�.�0�4 �U�S�B�O�T�J�T�U�P�S�T �U�B�L�F �Q�M�B�D�F �B�U �U�I�F
�J�O�U�F�S�G�B�D�F �C�F�U�X�F�F�O �U�I�F �4�5�* �P�Y�J�E�F �B�O�E �U�I�F �D�I�B�O�O�F�M�� �)�F�S�F�
 �U�I�F �D�I�B�S�H�F�T �B�D�D�V�N�V�M�B�U�J�O�H �P�O �U�I�F �T�V�S�G�B�D�F �P�G �U�I�F
�4�5�* �D�B�O �M�F�B�E �U�P �B �D�V�S�S�F�O�U 	:�P�X �C�F�U�X�F�F�O �E�S�B�J�O �B�O�E �T�P�V�S�D�F �P�G �U�I�F �U�S�B�O�T�J�T�U�P�S�
 �X�I�J�D�I �S�F�T�V�M�U�T �J�O �B�O �J�O�D�S�F�B�T�F
�P�G �M�F�B�L�B�H�F �D�V�S�S�F�O�U �	�'�J�H�V�S�F �������
��
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�'�J�H�V�S�F ���������-�F�B�L�B�H�F �D�V�S�S�F�O�U �J�O�E�V�D�F�E �C�Z �5�*�% �F	8�F�D�U�T �J�O �U�I�F �4�5�* �P�Y�J�E�F

2.2.2 DDEffects

�6�O�M�J�L�F �5�*�% �F	8�F�D�U�T�
 �E�J�T�Q�M�B�D�F�N�F�O�U �E�B�N�B�H�F �J�T �D�B�V�T�F�E �C�Z �/�*�&�-�
 �B�O�E �T�J�O�D�F �U�I�F �S�B�E�J�B�U�J�P�O �U�S�B�W�F�M�T �U�I�S�P�V�H�I �U�I�F
�F�O�U�J�S�F �E�F�W�J�D�F�
 �E�J�T�Q�M�B�D�F�N�F�O�U �E�B�N�B�H�F �J�T �B�M�T�P �B �W�P�M�V�N�F�U�S�J�D �F	8�F�D�U�� �"�O �J�O�D�J�E�F�O�U �Q�B�S�U�J�D�M�F �D�B�O �T�U�S�J�L�F �B �T�J�M�J�D�P�O
�O�V�D�M�F�V�T �J�O �U�I�F �T�F�N�J�D�P�O�E�V�D�U�P�S �M�B�U�U�J�D�F�
 �E�J�T�Q�M�B�D�J�O�H �J�U �G�S�P�N �J�U�T �D�V�S�S�F�O�U �Q�P�T�J�U�J�P�O�� �5�I�J�T �J�O �U�V�S�O �D�S�F�B�U�F�T �E�F�G�F�D�U�T
�J�O �U�I�F �M�B�U�U�J�D�F�
 �S�F�T�V�M�U�J�O�H �J�O �B�T�Z�N�N�F�U�S�J�F�T �U�I�B�U �D�I�B�O�H�F �U�I�F �C�F�I�B�W�J�P�S �P�G �U�I�F �F���I �Q�B�J�S�T�� �5�I�F �E�J�T�Q�M�B�D�F�N�F�O�U
�E�B�N�B�H�F �E�P�T�F �	�%�%�%�
 �J�T �D�B�M�D�V�M�B�U�F�E �V�T�J�O�H �	�������
��
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�'�J�H�V�S�F ������ �J�M�M�V�T�U�S�B�U�F�T �U�I�F �G�P�V�S �U�Z�Q�F�T �P�G �E�F�G�F�D�U�T �U�I�B�U �D�B�O �C�F �D�B�V�T�F�E �C�Z �B �Q�B�S�U�J�D�M�F �J�N�Q�B�D�U�� �"�W�B�D�B�O�D�Z
�E�F�G�F�D�U �J�T �X�I�F�S�F �B �T�J�M�J�D�P�O �B�U�P�N �J�T �N�J�T�T�J�O�H �G�S�P�N �U�I�F �M�B�U�U�J�D�F�� �5�X�P �W�B�D�B�O�D�J�F�T �T�J�E�F���C�Z���T�J�E�F �B�S�F �D�B�M�M�F�E �B
�E�J�W�B�D�B�O�D�Z�� �*�G �B �E�J�T�Q�M�B�D�F�E �B�U�P�N �J�T �M�P�D�B�U�F�E �C�F�U�X�F�F�O �U�I�F �M�B�U�U�J�D�F�
 �J���F���
 �J�O �B �O�P�O���M�B�U�U�J�D�F �Q�P�T�J�U�J�P�O�
 �J�U �J�T �D�B�M�M�F�E �B�O
�J�O�U�F�S�T�U�J�U�J�B�M�� �'�J�O�B�M�M�Z�
 �B �D�P�N�C�J�O�B�U�J�P�O �P�G �B �W�B�D�B�O�D�Z �B�O�E �B�O �J�O�U�F�S�T�U�J�U�J�B�M �J�T �D�B�M�M�F�E �B�'�S�F�O�L�F�M �Q�B�J�S��
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�'�J�H�V�S�F ���������0�W�F�S�W�J�F�X �P�G �U�I�F �E�J�T�Q�M�B�D�F�N�F�O�U �E�B�N�B�H�F �E�F�G�F�D�U �U�Z�Q�F�T

�5�I�F �E�J�T�Q�M�B�D�F�E �O�V�D�M�F�J �D�S�F�B�U�F �U�S�B�Q�T �U�I�B�U �E�F�H�S�B�E�F �Q�S�P�Q�F�S�U�J�F�T �T�V�D�I �B�T �D�B�S�S�J�F�S �H�F�O�F�S�B�U�J�P�O�
 �S�F�D�P�N�C�J�O�B�U�J�P�O
�B�O�E �U�S�B�O�T�Q�P�S�U�B�U�J�P�O�� �*�O �B �C�J�Q�P�M�B�S �K�V�O�D�U�J�P�O �U�S�B�O�T�J�T�U�P�S �	�#�+�5�
�
 �G�P�S �F�Y�B�N�Q�M�F�
 �B�O �J�O�D�S�F�B�T�F �J�O �U�I�F �S�F�D�P�N�C�J�O�B�U�J�P�O
�S�B�U�F �M�F�B�E�T �U�P �B�O �J�O�D�S�F�B�T�F �J�O �U�I�F �C�B�T�F �D�V�S�S�F�O�U�� �"�T �U�I�F �D�P�M�M�F�D�U�P�S �D�V�S�S�F�O�U �J�T �V�O�B	8�F�D�U�F�E �C�Z �U�I�J�T�
 �U�I�F �D�V�S�S�F�O�U
�H�B�J�O �P�G �U�I�F �#�+�5 �J�T �S�F�E�V�D�F�E �<���>�� �.�0�4 �E�F�W�J�D�F�T �B�S�F �H�F�O�F�S�B�M�M�Z �M�F�T�T �T�V�T�D�F�Q�U�J�C�M�F �U�P �E�J�T�Q�M�B�D�F�N�F�O�U �E�B�N�B�H�F
�F	8�F�D�U�T�
 �C�F�D�B�V�T�F �U�I�F�J�S �B�D�U�J�W�F �S�F�H�J�P�O�
 �J���F���
 �U�I�F �B�S�F�B �C�F�U�X�F�F�O �U�I�F �T�P�V�S�D�F �B�O�E �E�S�B�J�O�
 �J�T �D�P�N�Q�B�S�B�U�J�W�F�M�Z �U�I�J�O��
�5�I�J�T �S�F�T�V�M�U�T �J�O �B �W�F�S�Z �T�N�B�M�M �B�D�U�J�W�F �W�P�M�V�N�F �J�O �X�I�J�D�I �U�I�F �E�J�T�Q�M�B�D�F�N�F�O�U �E�B�N�B�H�F �D�B�O �C�F �P�C�T�F�S�W�F�E �<���>��
�*�O �B�E�E�J�U�J�P�O�
 �E�J�T�Q�M�B�D�F�N�F�O�U �E�B�N�B�H�F �N�B�J�O�M�Z �B	8�F�D�U�T �N�J�O�P�S�J�U�Z �D�B�S�S�J�F�S �E�F�W�J�D�F�T �<�����>�� �5�I�F �G�V�O�D�U�J�P�O �P�G �.�0�4
�E�F�W�J�D�F�T�
 �P�O �U�I�F �P�U�I�F�S �I�B�O�E�
 �B�S�F �C�B�T�F�E �P�O �N�B�K�P�S�J�U�Z �D�B�S�S�J�F�S�T�� �5�I�F�Z �U�I�F�S�F�G�P�S�F �I�B�W�F �B�O �J�O�I�F�S�F�O�U �S�F�T�J�T�U�B�O�D�F
�U�P �U�I�J�T �U�Z�Q�F �P�G �E�B�N�B�H�F��

2.2.3 Single-EventEffects

�$�P�N�Q�B�S�F�E �U�P �U�I�F �D�V�N�V�M�B�U�J�W�F �F	8�F�D�U�T �E�F�T�D�S�J�C�F�E �B�C�P�W�F�
 �X�I�J�D�I �B�D�D�V�N�V�M�B�U�F �P�W�F�S �U�I�F �M�J�G�F�U�J�N�F �P�G �U�I�F �E�F�W�J�D�F�

�4�&�&�T �P�D�D�V�S �J�O�T�U�B�O�U�B�O�F�P�V�T�M�Z�� �5�I�F �P�V�U�D�P�N�F �P�G �T�V�D�I �B�O �F�W�F�O�U �D�B�O �F�J�U�I�F�S �C�F �O�P�U �P�C�T�F�S�W�B�C�M�F�
 �B �U�S�B�O�T�J�F�O�U
�S�F�T�V�M�U�J�O�H �J�O �V�O�E�F	9�O�F�E �C�F�I�B�W�J�P�S�
 �B 	:�J�Q�Q�F�E �C�J�U �J�O �B �N�F�N�P�S�Z�
 �P�S �F�W�F�O �Q�F�S�N�B�O�F�O�U �E�B�N�B�H�F �U�P �B �Q�B�S�U �P�G �U�I�F
�E�F�W�J�D�F�� �"�T �B �Q�B�S�U�J�D�M�F �Q�B�T�T�F�T �U�I�S�P�V�H�I �N�B�U�U�F�S�
 �J�U �X�J�M�M �M�P�T�F �B �Q�B�S�U �P�G �J�U�T �F�O�F�S�H�Z �U�I�S�P�V�H�I �U�I�F �J�O�U�F�S�B�D�U�J�P�O�T
�E�F�T�D�S�J�C�F�E �J�O �4�F�D�U�J�P�O �������� �5�I�F �J�P�O�J�[�J�O�H �J�O�U�F�S�B�D�U�J�P�O�T �M�F�B�E �U�P �B �D�I�B�S�H�F �C�V�J�M�E���V�Q �J�O�T�J�E�F �U�I�F �E�F�W�J�D�F�� �5�I�J�T
�M�F�B�E�T �U�P �J�O�U�F�S�O�B�M �U�S�B�O�T�J�F�O�U �D�V�S�S�F�O�U�T �E�V�F �U�P �E�S�J	Q �Q�S�P�D�F�T�T�F�T �U�I�S�P�V�H�I �U�I�F �B�Q�Q�M�J�F�E �F�M�F�D�U�S�J�D�B�M 	9�F�M�E�� �*�G �U�I�J�T
�I�B�Q�Q�F�O�T �J�O �B �D�S�J�U�J�D�B�M �S�F�H�J�P�O�T �T�V�D�I �B�T �B �Q���O �K�V�O�D�U�J�P�O�
 �E�F�T�U�S�V�D�U�J�W�F �P�S �O�P�O���E�F�T�U�S�V�D�U�J�W�F �4�&�&�T �D�B�O �P�D�D�V�S�� �5�I�F
�E�F�T�U�S�V�D�U�J�W�F �4�&�&�T �B�S�F��

�4�J�O�H�M�F���F�W�F�O�U �M�B�U�D�I���V�Q �	�4�&�-�

�" �M�P�X �J�N�Q�F�E�B�O�D�F �Q�B�U�I �J�T �D�S�F�B�U�F�E �J�O �U�I�F �E�F�W�J�D�F �C�F�U�X�F�F�O �Q�P�X�F�S �B�O�E �H�S�P�V�O�E�� �*�G �U�I�F �D�V�S�S�F�O�U
	:�P�X �U�I�S�P�V�H�I �U�I�J�T �Q�B�U�I �F�Y�D�F�F�E�T �U�I�F �S�B�U�F�E �D�V�S�S�F�O�U �E�F�O�T�J�U�Z�
 �F�M�F�D�U�S�P�N�J�H�S�B�U�J�P�O �F	8�F�D�U�T �D�B�O �E�B�N�B�H�F
�D�P�O�E�V�D�U�J�W�F �F�M�F�N�F�O�U�T �P�S �U�I�F �F�O�U�J�S�F �E�F�W�J�D�F�� �0�U�I�F�S�X�J�T�F�
 �U�I�F �M�B�U�D�I���V�Q �J�O�E�V�D�F�E �F	8�F�D�U�T �D�B�O �C�F �T�U�P�Q�Q�F�E
�C�Z �B �Q�P�X�F�S �D�Z�D�M�F��
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�4�J�O�H�M�F���F�W�F�O�U �C�V�S�O�P�V�U �	�4�&�#�

�" �D�I�B�S�H�F�E �Q�B�S�U�J�D�M�F �D�B�O �D�B�V�T�F �B �T�F�D�P�O�E �C�S�F�B�L�E�P�X�O �J�O �U�I�F �.�0�4�'�&�5�
 �S�F�T�V�M�U�J�O�H �J�O �I�J�H�I �D�V�S�S�F�O�U�T
�U�I�S�P�V�H�I �U�I�F �U�S�B�O�T�J�T�U�P�S�� �*�G �U�I�J�T �G�B�V�M�U �J�T �O�P�U �D�M�F�B�S�F�E�
 �U�I�F �U�S�B�O�T�J�T�U�P�S �H�P�F�T �J�O�U�P �U�I�F�S�N�B�M �S�V�O�B�X�B�Z �B�O�E �J�T
�E�F�T�U�S�P�Z�F�E��

�4�J�O�H�M�F���F�W�F�O�U �H�B�U�F �S�V�Q�U�V�S�F �	�4�&�(�3�

�" �D�I�B�S�H�F�E �Q�B�S�U�J�D�M�F �D�S�F�B�U�F�T �B �M�P�X���S�F�T�J�T�U�B�O�D�F �Q�B�U�I �J�O �U�I�F �H�B�U�F �P�Y�J�E�F�
 �H�F�O�F�S�B�U�J�O�H �D�I�B�S�H�F�T�� �5�I�F�T�F
�D�I�B�S�H�F�T �Q�S�P�Q�B�H�B�U�F �U�P �U�I�F�4�J�0�� �J�O�U�F�S�G�B�D�F�
 �U�I�V�T �J�O�D�S�F�B�T�J�O�H �U�I�F �F�M�F�D�U�S�J�D 	9�F�M�E �B�D�S�P�T�T �U�I�F �E�J�F�M�F�D�U�S�J�D�� �*�G
�U�I�F 	9�F�M�E �T�U�S�F�O�H�U�I �J�T �I�J�H�I �F�O�P�V�H�I�
 �J�U �D�B�O �M�F�B�E �U�P �U�I�F �E�F�W�J�D�F�ß�T �G�B�J�M�V�S�F �C�Z �H�B�U�F �S�V�Q�U�V�S�F��

�5�I�F �O�P�O���E�F�T�U�S�V�D�U�J�W�F �4�&�&�T �B�S�F��

�4�J�O�H�M�F���F�W�F�O�U �V�Q�T�F�U �	�4�&�6�

�5�I�F �M�P�H�J�D �T�U�B�U�F �P�G �B �N�F�N�P�S�Z �D�F�M�M �D�B�O �C�F �J�O�W�F�S�U�F�E �C�Z �B�O �J�O�D�J�E�F�O�U �Q�B�S�U�J�D�M�F �P�G �T�V	;�D�J�F�O�U �F�O�F�S�H�Z�� �5�I�J�T
�F�S�S�P�S �D�B�O �C�F �D�P�S�S�F�D�U�F�E �C�Z �S�F�X�S�J�U�J�O�H �U�I�F �N�F�N�P�S�Z��

�.�V�M�U�J�Q�M�F���F�W�F�O�U �V�Q�T�F�U �	�.�&�6�

�.�&�6�T �B�M�T�P �B	8�F�D�U �N�F�N�P�S�Z �D�F�M�M�T�� �#�V�U �J�O�T�U�F�B�E �P�G �I�J�U�U�J�O�H �P�O�F �N�F�N�P�S�Z �D�F�M�M�
 �U�I�F�Z �I�J�U �T�F�W�F�S�B�M �B�E�K�B�D�F�O�U
�D�F�M�M�T �T�J�E�F���C�Z���T�J�E�F �B�O�E �J�O�W�F�S�U �U�I�F�J�S �T�U�B�U�F�T�� �5�I�J�T �J�T �B�M�T�P �D�B�M�M�F�E �N�V�M�U�J�Q�M�F���C�J�U �V�Q�T�F�U�T �	�.�#�6�T�
��

�4�J�O�H�M�F���F�W�F�O�U �U�S�B�O�T�J�F�O�U �	�4�&�5�

�" �C�S�J�F�G �W�P�M�U�B�H�F �T�Q�J�L�F �J�T �J�O�E�V�D�F�E �J�O�U�P �U�I�F �T�Z�T�U�F�N�� �%�F�Q�F�O�E�J�O�H �P�O �U�I�F �T�Q�F�D�J	9�D �G�V�O�D�U�J�P�O �P�G �U�I�F �E�F�W�J�D�F�

�U�I�J�T �F	8�F�D�U �N�B�Z �O�P�U �B�M�X�B�Z�T �C�F �W�J�T�J�C�M�F�
 �G�P�S �F�Y�B�N�Q�M�F �J�G �J�U �J�T �O�P�U �D�B�Q�U�V�S�F�E �C�Z �U�I�F �O�F�Y�U �N�F�N�P�S�Z �F�M�F�N�F�O�U��

�4�J�O�H�M�F���F�W�F�O�U �G�V�O�D�U�J�P�O�B�M �J�O�U�F�S�S�V�Q�U �	�4�&�'�*�

�" �Q�B�S�U�J�D�M�F �T�U�S�J�L�F �D�B�V�T�F�T �U�I�F �T�Z�T�U�F�N �U�P �H�P �J�O�U�P �B �O�P�O���G�V�O�D�U�J�P�O�B�M �T�U�B�U�F�� �8�I�J�M�F �S�F�D�P�W�F�S�Z �G�S�P�N �T�V�D�I
�B�O �F�S�S�P�S �N�B�Z �P�D�D�V�S �B	Q�F�S �T�P�N�F �U�J�N�F�
 �N�P�T�U �T�Z�T�U�F�N�T �S�F�R�V�J�S�F �F�Y�U�F�S�O�B�M �J�O�U�F�S�W�F�O�U�J�P�O �U�I�S�P�V�H�I �B �S�F�T�F�U
�P�S �Q�P�X�F�S �D�Z�D�M�F �<���>��

2.3 CharacterizationStandards

�5�I�F �D�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O �P�G �S�B�E�J�B�U�J�P�O �F	8�F�D�U�T �J�T �U�I�F �T�V�C�K�F�D�U �P�G �T�F�W�F�S�B�M �T�U�B�O�E�B�S�E�T�
 �C�P�U�I �G�P�S �T�Q�B�D�F �B�O�E �U�F�S�S�F�T�U�S�J�B�M
�B�Q�Q�M�J�D�B�U�J�P�O�T �'�P�S �F�Y�B�N�Q�M�F�
 �U�I�F �&�V�S�P�Q�F�B�O �4�Q�B�D�F �"�H�F�O�D�Z �	�&�4�"�
 �E�F�U�B�J�M�T �U�I�F �3�)�" �Q�I�B�T�F�T �G�P�S �T�Q�B�D�F �Q�S�P�K�F�D�U�T
�J�O �<�����>��

���� �.�J�T�T�J�P�O �B�O�B�M�Z�T�J�T�� �%�F	9�O�J�U�J�P�O �P�G �U�I�F �N�J�T�T�J�P�O �F�O�W�J�S�P�O�N�F�O�U �B�O�E �U�P�Q���M�F�W�F�M �S�B�E�J�B�U�J�P�O �S�F�R�V�J�S�F�N�F�O�U�T��

���� �'�F�B�T�J�C�J�M�J�U�Z�� �1�S�F�M�J�N�J�O�B�S�Z �S�B�E�J�B�U�J�P�O �D�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O �U�P �I�F�M�Q �U�F�D�I�O�P�M�P�H�Z �T�F�M�F�D�U�J�P�O��

���� �1�S�F�M�J�N�J�O�B�S�Z �E�F	9�O�J�U�J�P�O�� �%�F	9�O�J�U�J�P�O �P�G �F�M�F�D�U�S�P�O�J�D �E�F�T�J�H�O �B�O�E �T�Q�B�D�F�D�S�B	Q �M�B�Z�P�V�U��

���� �%�F�U�B�J�M�F�E �E�F	9�O�J�U�J�P�O�� �1�F�S�G�P�S�N�J�O�H �P�G �S�B�E�J�B�U�J�P�O �D�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O �U�F�T�U��

���� 	U�V�B�M�J	9�D�B�U�J�P�O �B�O�E �Q�S�P�E�V�D�U�J�P�O�� �3�B�E�J�B�U�J�P�O �U�F�T�U�T �P�O 	:�J�H�I�U �M�P�U�T��

�5�I�F �U�F�T�U �Q�S�P�D�F�E�V�S�F�T �V�T�F�E �G�P�S �U�I�F �B�G�P�S�F�N�F�O�U�J�P�O�F�E �S�B�E�J�B�U�J�P�O �U�F�T�U�T �B�S�F �E�F�U�B�J�M�F�E �J�O �U�I�F �T�Q�F�D�J	9�D�B�U�J�P�O�T
�&�V�S�P�Q�F�B�O �4�Q�B�D�F �$�P�N�Q�P�O�F�O�U�T �$�P�P�S�E�J�O�B�U�J�P�O �	�&�4�$�$�
 ���������� �<�����>�
���������� �<�����> �B�O�E �&�4�$�$ ���������� �<�����>�
 �X�I�J�D�I
�E�F�B�M �X�J�U�I �4�&�&�T�
 �%�% �F	8�F�D�U�T �B�O�E �5�*�% �F	8�F�D�U�T �S�F�T�Q�F�D�U�J�W�F�M�Z�� �5�I�F�T�F �E�P�D�V�N�F�O�U�T �E�P �O�P�U �T�Q�F�D�J�G�Z �E�P�T�F �U�I�S�F�T�I�P�M�E
�W�B�M�V�F�T �U�I�B�U �F�M�F�D�U�S�J�D�B�M �E�F�W�J�D�F�T �N�V�T�U �N�F�F�U �G�P�S �V�T�F �J�O �B�O �&�4�$�$ �D�P�O�U�F�Y�U�
 �J���F���
 �G�P�S �V�T�F �J�O �T�Q�B�D�F �N�J�T�T�J�P�O�T�
 �B�T �U�I�F
�U�I�S�F�T�I�P�M�E�T �E�J	8�F�S �E�F�Q�F�O�E�J�O�H �P�O �U�I�F �D�V�S�S�F�O�U �N�J�T�T�J�P�O�� �*�O�T�U�F�B�E�
 �U�I�F�Z �E�F�T�D�S�J�C�F �U�I�F �U�F�T�U �Q�S�P�D�F�E�V�S�F�T �S�F�R�V�J�S�F�E
�U�P �R�V�B�M�J�G�Z �D�P�N�Q�P�O�F�O�U�T�� �"�T �B�O �F�Y�B�N�Q�M�F�
 �&�4�$�$ ���������� �E�F�U�B�J�M�T �U�I�F �G�P�M�M�P�X�J�O�H �Q�S�P�D�F�E�V�S�F �G�P�S �U�F�T�U�J�O�H �F�M�F�D�U�S�J�D�B�M
�D�P�N�Q�P�O�F�O�U�T �S�F�H�B�S�E�J�O�H �5�*�% �J�O �B �T�Q�B�D�F �D�P�O�U�F�Y�U��

12



� ������������ �< �/���������������� �*������������������ ������ �1�������� �"������������ ���� �"��������������������

���� �4�F�S�J�B�M�J�[�F �U�I�F �U�F�T�U �T�B�N�Q�M�F�T��

���� �.�F�B�T�V�S�F �F�M�F�D�U�S�J�D�B�M �E�F�W�J�D�F �Q�B�S�B�N�F�U�F�S�T �B�U �S�P�P�N �U�F�N�Q�F�S�B�U�V�S�F�� �3�F�Q�M�B�D�F �Q�B�S�U�T �U�I�B�U �G�B�J�M �U�I�J�T �U�F�T�U��

���� �*�S�S�B�E�J�B�U�F �U�I�F �T�B�N�Q�M�F�T �B�U �B �Q�S�F�E�F�U�F�S�N�J�O�F�E �E�P�T�F �S�B�U�F �U�P �U�I�F �T�Q�F�D�J	9�F�E �E�P�T�F��

���� �.�F�B�T�V�S�F �F�M�F�D�U�S�J�D�B�M �E�F�W�J�D�F �Q�B�S�B�N�F�U�F�S�T �B�U �S�P�P�N �U�F�N�Q�F�S�B�U�V�S�F�� �3�F�Q�M�B�D�F �M�P�U �J�G �U�I�F �U�F�T�U �G�B�J�M�T�� �*�G �N�V�M�U�J�Q�M�F
�F�Y�Q�P�T�V�S�F�T �B�S�F �T�Q�F�D�J	9�F�E�
 �S�F�T�U�B�S�U �J�S�S�B�E�J�B�U�J�P�O �	�T�U�F�Q���
��

���� �"�O�O�F�B�M �E�F�W�J�D�F�T �B�U �S�P�P�N �U�F�N�Q�F�S�B�U�V�S�F �V�O�E�F�S �C�J�B�T �G�P�S���� �I�P�V�S�T��

���� �.�F�B�T�V�S�F �F�M�F�D�U�S�J�D�B�M �E�F�W�J�D�F �Q�B�S�B�N�F�U�F�S�T �B�U �S�P�P�N �U�F�N�Q�F�S�B�U�V�S�F�� �3�F�Q�M�B�D�F �M�P�U �J�G �U�I�F �U�F�T�U �G�B�J�M�T��

���� �4�J�N�V�M�B�U�F �B�H�J�O�H �C�Z �B�O�O�F�B�M�J�O�H �E�F�W�J�D�F�T �B�U������ � �̄$ �V�O�E�F�S �C�J�B�T �G�P�S������ �I�P�V�S�T��

���� �.�F�B�T�V�S�F �F�M�F�D�U�S�J�D�B�M �E�F�W�J�D�F �Q�B�S�B�N�F�U�F�S�T �B�U �S�P�P�N �U�F�N�Q�F�S�B�U�V�S�F�� �3�F�Q�M�B�D�F �M�P�U �J�G �U�I�F �U�F�T�U �G�B�J�M�T�
 �P�U�I�F�S�X�J�T�F
�B�D�D�F�Q�U �U�I�F �M�P�U��

�&�4�$�$ �����������
 �G�P�D�V�T�J�O�H �P�O �4�&�& �R�V�B�M�J	9�D�B�U�J�P�O�
 �E�P�F�T �O�P�U �I�B�W�F �B �E�F�U�B�J�M�F�E �U�F�T�U �Q�S�P�D�F�E�V�S�F�� �3�B�U�I�F�S�
 �U�I�F
�T�U�B�O�E�B�S�E �T�Q�F�D�J	9�F�T �U�I�F �S�F�R�V�J�S�F�N�F�O�U�T �O�F�D�F�T�T�B�S�Z �G�P�S �U�I�F �4�&�& �U�F�T�U�J�O�H �P�G �*�$�T �B�O�E �E�J�T�D�S�F�U�F �T�F�N�J�D�P�O�E�V�D�U�P�S�T��
�'�P�S �U�F�T�U�J�O�H�
 �F�J�U�I�F�S �Q�S�P�U�P�O�T �X�J�U�I �B�O �F�O�F�S�H�Z �C�F�U�X�F�F�O���� �.�F�7�B�O�E������ �.�F�7�
 �P�S �I�F�B�W�Z �J�P�O�T �X�J�U�I �B �S�B�O�H�F
�P�G �B�U �M�F�B�T�U���� �u�N�J�O �T�J�M�J�D�P�O �T�I�B�M�M �C�F �V�T�F�E�� �5�I�F �%�6�5 �N�V�T�U �B�M�T�P �C�F �E�F�M�J�E�E�F�E �J�O �D�B�T�F �I�F�B�W�Z �J�P�O�T �B�S�F �V�T�F�E
�G�P�S �U�I�F �C�F�B�N�� �5�I�F �U�F�T�U �I�B�S�E�X�B�S�F �G�P�S �4�&�6�T �T�I�B�M�M �N�P�O�J�U�P�S �C�J�T�U�B�C�M�F �G�V�O�D�U�J�P�O�B�M �C�M�P�D�L�T�
 �B�O�E �G�F�B�U�V�S�F �U�I�F
�Q�P�T�T�J�C�J�M�J�U�Z �U�P �W�B�S�Z �U�I�F �E�B�U�B �T�U�P�S�F�E �J�O �U�I�F �U�F�T�U�F�E �N�F�N�P�S�Z �D�F�M�M�T�� �5�I�F �U�F�T�U �T�P	Q�X�B�S�F �J�T �U�B�T�L�F�E �X�J�U�I �M�P�H�H�J�O�H
�B�M�M �F�W�F�O�U�T�
 �B�T �X�F�M�M �B�T �U�I�F�J�S �U�J�N�F �B�O�E �M�P�D�B�U�J�P�O�� �5�P �N�J�O�J�N�J�[�F �U�I�F �F	8�F�D�U�T �4�&�-�T �I�B�W�F �P�O �U�I�F �%�6�5�
 �U�I�F �U�F�T�U
�T�F�U�V�Q �T�I�B�M�M �J�E�F�O�U�J�G�Z �4�&�-�T �B�O�E �Q�S�P�U�F�D�U �U�I�F �%�6�5 �G�S�P�N �E�F�W�J�D�F �E�F�H�S�B�E�B�U�J�P�O�
 �G�P�S �F�Y�B�N�Q�M�F �C�Z �J�O�J�U�J�B�U�J�O�H �B
�Q�P�X�F�S �D�Z�D�M�F�� �"�M�M �E�F�W�J�D�F �P�Q�F�S�B�U�J�O�H �D�P�O�E�J�U�J�P�O�T �B�S�F �U�P �C�F �U�F�T�U�F�E �X�I�F�O �D�P�O�T�J�E�F�S�J�O�H �4�&�'�*�T�� �)�F�S�F�
 �U�I�F �U�F�T�U
�T�P	Q�X�B�S�F �T�I�B�M�M �E�F�U�F�D�U�
 �M�P�H �B�O�E �D�P�S�S�F�D�U �U�I�F�T�F �G�B�V�M�U�T�� �5�F�T�U �D�P�O�E�J�U�J�P�O�T �N�V�T�U �F�J�U�I�F�S �C�F �U�I�F �X�P�S�T�U���D�B�T�F �G�P�S �U�I�F
�E�F�W�J�D�F �U�Z�Q�F�
 �P�S �B�Q�Q�M�J�D�B�U�J�P�O �T�Q�F�D�J	9�D��

�'�P�S �U�F�S�S�F�T�U�S�J�B�M �B�Q�Q�M�J�D�B�U�J�P�O�T�
 �+�P�J�O�U �&�M�F�D�U�S�P�O �%�F�W�J�D�F �&�O�H�J�O�F�F�S�J�O�H �$�P�V�O�D�J�M �	�+�&�%�&�$�
 �T�U�B�O�E�B�S�E �+�&�4�%�����# �<�����>
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�$�P�N�Q�B�S�F�E �U�P �P�U�I�F�S �F�N�C�F�E�E�F�E �E�F�W�J�D�F�T�
 �T�V�D�I �B�T �D�F�O�U�S�B�M �Q�S�P�D�F�T�T�J�O�H �V�O�J�U�T �	�$�1�6�T�
�
 �H�S�B�Q�I�J�D�T �Q�S�P�D�F�T�T�J�O�H
�V�O�J�U�T �	�(�1�6�T�
�
 �N�J�D�S�P�D�P�O�U�S�P�M�M�F�S�T �P�S �"�4�*�$�T�
 �'�1�(�"�T �T�U�S�J�L�F �B �C�B�M�B�O�D�F �C�F�U�X�F�F�O �Q�F�S�G�P�S�N�B�O�D�F�
 �Q�P�X�F�S �F	;�D�J�F�O�D�Z�

	:�F�Y�J�C�J�M�J�U�Z �B�O�E �V�O�J�U �D�P�T�U �<���>�� �5�I�F �P�O�M�Z �N�B�K�P�S �E�S�B�X�C�B�D�L �J�T �U�I�F �F�O�H�J�O�F�F�S�J�O�H �D�P�T�U �P�G �F�O�H�J�O�F�F�S�J�O�H�
 �B�T �J�O
�H�F�O�F�S�B�M �J�U �U�B�L�F�T �N�P�S�F �F	8�P�S�U �U�P �E�F�T�J�H�O �B�O �'�1�(�" �B�Q�Q�M�J�D�B�U�J�P�O �U�I�B�O �B �T�P�M�V�U�J�P�O �C�B�T�F�E �P�O �$�1�6�T�
 �(�1�6�T
�P�S �N�J�D�S�P�D�P�O�U�S�P�M�M�F�S�T �<���>�� �#�F�D�B�V�T�F �P�G �U�I�F �B�E�W�B�O�U�B�H�F�T �E�F�T�D�S�J�C�F�E �B�C�P�W�F�
 �'�1�(�"�T �B�S�F �V�T�F�E �J�O �B �W�B�S�J�F�U�Z �P�G
�D�P�N�Q�V�U�B�U�J�P�O�B�M�M�Z �J�O�U�F�O�T�J�W�F 	9�F�M�E�T�� �5�I�F�T�F �J�O�D�M�V�E�F�
 �C�V�U �B�S�F �O�P�U �M�J�N�J�U�F�E �U�P �E�J�H�J�U�B�M �T�J�H�O�B�M �Q�S�P�D�F�T�T�J�O�H �	�%�4�1�
 �<�����

�����
 �����>�
 �N�B�D�I�J�O�F �M�F�B�S�O�J�O�H �<�����
 �����>�
 �E�B�U�B �D�F�O�U�F�S �B�Q�Q�M�J�D�B�U�J�P�O�T �<�����
 �����>�
 �D�P�N�Q�V�U�F�S �W�J�T�J�P�O �<�����>�
 �F�U�D��

�5�I�J�T �D�I�B�Q�U�F�S �E�F�T�D�S�J�C�F�T �U�I�F �$�P�M�P�H�O�F �$�I�J�Q �(�B�U�F�.�B�U�F �$�$�(�.���"�� �'�1�(�" �J�O �N�P�S�F �E�F�U�B�J�M�� �5�I�F 	9�S�T�U �Q�B�S�U�

�X�I�J�D�I �J�T �N�B�J�O�M�Z �C�B�T�F�E �P�O �"�N�B�O�P �<���>�
 �D�P�O�T�J�T�U�T �P�G �B�O �J�O�U�S�P�E�V�D�U�J�P�O �U�P �U�I�F �J�O�O�F�S �X�P�S�L�J�O�H�T �P�G �B�O �'�1�(�"��
�5�I�F �T�F�D�P�O�E �T�F�D�U�J�P�O �G�P�D�V�T�F�T �P�O �U�I�F �(�B�U�F�.�B�U�F �T�Q�F�D�J	9�D �I�B�S�E�X�B�S�F�
 �X�I�J�M�F �U�I�F �U�I�J�S�E �T�F�D�U�J�P�O �J�O�U�S�P�E�V�D�F�T �U�I�F
�(�B�U�F�.�B�U�F �F�W�B�M�V�B�U�J�P�O �C�P�B�S�E��

3.1 FPGAPrimer

�"�O �'�1�(�" �J�T �B�O �*�$ �U�I�B�U �B�M�M�P�X�T �U�I�F �V�T�F�S �U�P �E�F	9�O�F �B �D�V�T�U�P�N �E�J�H�J�U�B�M �D�J�S�D�V�J�U�
 �N�P�S�F �T�Q�F�D�J	9�D�B�M�M�Z �B�E�F�T�J�H�O�
 �V�T�J�O�H
�B�I�B�S�E�X�B�S�F �E�F�T�D�S�J�Q�U�J�P�O �M�B�O�H�V�B�H�F �	�)�%�-�
�M�J�L�F�7�F�S�J�M�P�H�P�S�7�)�4�*�$ �)�B�S�E�X�B�S�F �%�F�T�D�S�J�Q�U�J�P�O �-�B�O�H�V�B�H�F �	�7�)�%�-�
�

�X�J�U�I �7�)�4�*�$ �T�U�B�O�E�J�O�H �G�P�S �7�F�S�Z �)�J�H�I �4�Q�F�F�E �*�O�U�F�H�S�B�U�F�E �$�J�S�D�V�J�U�T�� �5�P �E�P �U�I�J�T�
 �B�O �'�1�(�" �V�T�F�T �$�-�#�T �D�P�O�O�F�D�U�F�E
�J�O �B �N�B�U�S�J�Y �X�J�U�I �Q�S�P�H�S�B�N�N�B�C�M�F �J�O�U�F�S�D�P�O�O�F�D�U�T �U�P �S�F�B�M�J�[�F �U�I�F �E�F�T�J�H�O �T�Q�F�D�J	9�F�E �C�Z �U�I�F �E�F�T�J�H�O �F�O�H�J�O�F�F�S��
�5�I�F �U�Z�Q�J�D�B�M �D�P�N�Q�P�O�F�O�U�T �P�G �B�O �'�1�(�" �D�B�O �C�F �E�J�W�J�E�F�E �J�O�U�P �U�I�F �G�P�M�M�P�X�J�O�H �U�I�S�F�F �D�B�U�F�H�P�S�J�F�T��

�4�P�‡ �C�M�P�D�L�T
�5�I�F �$�-�#�T �D�P�O�U�B�J�O�M�P�P�L�V�Q �U�B�C�M�F�T �	�-�6�5�T�
�G�P�S �D�P�N�C�J�O�B�U�P�S�J�B�M �M�P�H�J�D�
�K�J�Q���K�P�Q�T�G�P�S �T�F�R�V�F�O�U�J�B�M �M�P�H�J�D�
 �B�O�E
�T�P�N�F�U�J�N�F�T�G�V�M�M �B�E�E�F�S�T �	�'�"�T�
�G�P�S �B�E�E�J�U�J�P�O�� �5�I�F�T�F �C�M�P�D�L�T �B�S�F �D�B�M�M�F�E�T�P�e �C�M�P�D�L�T�
 �B�T �U�I�F�J�S �T�Q�F�D�J	9�D
�G�V�O�D�U�J�P�O �J�T �O�P�U �T�F�U �J�O �I�B�S�E�X�B�S�F�
 �C�V�U �J�T �E�F	9�O�F�E �E�V�S�J�O�H �U�I�F �E�F�T�J�H�O �Q�S�P�D�F�T�T��

�)�B�S�E �C�M�P�D�L�T
�5�I�F �G�V�O�D�U�J�P�O�B�M�J�U�Z �P�G �U�I�F�T�F �C�M�P�D�L�T �J�T 	9�Y�F�E �J�O �T�J�M�J�D�P�O�
 �X�J�U�I �U�I�F �B�E�W�B�O�U�B�H�F �U�I�B�U �U�I�F�J�S �T�J�[�F �B�O�E �T�Q�F�F�E
�B�S�F �P�Q�U�J�N�J�[�F�E �G�P�S �U�I�F�J�S �T�Q�F�D�J	9�D �B�Q�Q�M�J�D�B�U�J�P�O�� �&�Y�B�N�Q�M�F�T �P�G �T�V�D�I �I�B�S�E �C�M�P�D�L�T �J�O�D�M�V�E�F�%�4�1 �F�M�F�N�F�O�U�T�

�F�N�C�F�E�E�F�E �3�"�.�
 �I�J�H�I���T�Q�F�F�E�*���0 �C�M�P�D�L�T�F�U�D��

�$�M�P�D�L�J�O�H �S�F�T�P�V�S�D�F�T
�5�I�F�T�F �D�P�N�Q�P�O�F�O�U�T�
 �G�P�S �F�Y�B�N�Q�M�F�1�-�-�T�
 �D�B�O �T�Z�O�U�I�F�T�J�[�F �E�J	8�F�S�F�O�U �D�M�P�D�L �G�S�F�R�V�F�O�D�J�F�T �G�S�P�N �B �C�B�T�F
�G�S�F�R�V�F�O�D�Z�
 �B�O�E �B�M�T�P �S�F�E�V�D�F �K�J�U�U�F�S �P�O �U�I�F �D�M�P�D�L �M�J�O�F�T��
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� ������������ �= �$�������*������ �#�-�$��

�"�T �N�F�O�U�J�P�O�F�E �B�C�P�W�F�
 �U�I�F �E�F�T�J�H�O �U�P �C�F �M�P�B�E�F�E �J�O�U�P �U�I�F �'�1�(�" �J�T 	9�S�T�U �D�S�F�B�U�F�E �V�T�J�O�H �B�O �)�%�-�
 �P�S �N�P�S�F
�S�F�D�F�O�U�M�Z�
�I�J�H�I���M�F�W�F�M �T�Z�O�U�I�F�T�J�T �	�)�-�4�
�<�����>�� �5�I�F�O�
 �J�O �U�I�F �D�B�T�F �P�G �B�O �)�%�- �E�F�T�J�H�O�
 �U�I�F�T�Z�O�U�I�F�T�J�T�Q�S�P�D�F�T�T
�D�P�O�W�F�S�U�T �U�I�F�S�F�H�J�T�U�F�S���U�S�B�O�T�G�F�S �M�F�W�F�M �	�3�5�-�
�E�F�T�D�S�J�Q�U�J�P�O �J�O�U�P �B �H�B�U�F �M�F�W�F�M �O�F�U�M�J�T�U�
 �X�I�J�D�I �J�T �E�F�W�J�D�F���B�H�O�P�T�U�J�D �	�J�G
�O�P �W�F�O�E�P�S �Q�S�J�N�J�U�J�W�F�T �B�S�F �V�T�F�E�
 �B�O�E �D�P�O�U�B�J�O�T �U�I�F �X�J�S�J�O�H �J�O�G�P�S�N�B�U�J�P�O �C�F�U�X�F�F�O �F�B�D�I �H�B�U�F �J�O �U�I�F �E�F�T�J�H�O�� �*�O
�B�E�E�J�U�J�P�O�
 �U�I�F �J�O�G�P�S�N�B�U�J�P�O �G�S�P�N �U�I�F �Q�S�F�W�J�P�V�T�M�Z �H�F�O�F�S�B�U�F�E �O�F�U�M�J�T�U �J�T �N�B�Q�Q�F�E �U�P �U�I�F �E�F�W�J�D�F���T�Q�F�D�J	9�D �M�P�H�J�D
�I�B�S�E�X�B�S�F�� �5�I�J�T �J�T �B�M�T�P �D�B�M�M�F�E�U�F�D�I�O�P�M�P�H�Z �N�B�Q�Q�J�O�H�� �5�I�F �O�F�Y�U �T�U�F�Q �J�T�Q�M�B�D�F �B�O�E �S�P�V�U�F�
 �X�I�J�D�I �U�B�L�F�T �U�I�F
�P�V�U�Q�V�U �G�S�P�N �U�I�F �U�F�D�I�O�P�M�P�H�Z �N�B�Q�Q�J�O�H �Q�S�P�D�F�T�T �B�O�E �Q�M�B�D�F�T �B�M�M �U�I�F �M�P�H�J�D �F�M�F�N�F�O�U�T �G�S�P�N �U�I�F �O�F�U�M�J�T�U �J�O�U�P �U�I�F
�'�1�(�"�ß�T �G�B�C�S�J�D �B�O�E �S�P�V�U�F�T �U�I�F �O�F�D�F�T�T�B�S�Z �D�P�O�O�F�D�U�J�P�O�T�� �5�I�F 	9�O�B�M �T�U�F�Q �J�T �U�P �D�P�O�W�F�S�U �U�I�F �Q�M�B�D�F�E �B�O�E �S�P�V�U�F�E
�E�F�T�J�H�O �J�O�U�P �B �C�J�O�B�S�Z 	9�M�F�
 �U�I�F�C�J�U�T�U�S�F�B�N�
 �X�I�J�D�I �D�B�O �C�F �V�Q�M�P�B�E�F�E �U�P �U�I�F �'�1�(�"��

3.1.1 ConfigurationMemory

�5�I�F �E�F�T�J�H�O �V�Q�M�P�B�E�F�E �U�P �U�I�F �'�1�(�" �J�T �T�U�P�S�F�E �J�O �J�U�T �D�P�O	9�H�V�S�B�U�J�P�O �N�F�N�P�S�Z�� �5�I�S�F�F �U�F�D�I�O�P�M�P�H�J�F�T �B�S�F �B�W�B�J�M�B�C�M�F
�G�P�S �U�I�J�T�
�K�B�T�I �N�F�N�P�S�Z�
�B�O�U�J�G�V�T�F�B�O�E�T�U�B�U�J�D �N�F�N�P�S�Z��

�'�M�B�T�I �N�F�N�P�S�Z
�'�M�B�T�I �N�F�N�P�S�Z �J�T �B �U�Z�Q�F �P�G �O�P�O���W�P�M�B�U�J�M�F �N�F�N�P�S�Z �U�F�D�I�O�P�M�P�H�Z�� �" 	:�B�T�I �N�F�N�P�S�Z �D�F�M�M �I�B�T �B �T�J�N�J�M�B�S
�T�U�S�V�D�U�V�S�F �U�P �B �.�0�4�'�&�5�
 �C�V�U �J�O�T�U�F�B�E �P�G �B �T�J�O�H�M�F �H�B�U�F�
 �J�U �D�P�O�T�J�T�U�T �P�G �B�O �V�Q�Q�F�S �D�P�O�U�S�P�M �H�B�U�F �B�O�E �B
�M�P�X�F�S 	:�P�B�U�J�O�H �H�B�U�F�� �%�V�F �U�P �U�I�F �J�T�P�M�B�U�J�P�O �P�G �U�I�F 	:�P�B�U�J�O�H �H�B�U�F�
 �B�O �B�Q�Q�M�J�F�E �F�M�F�D�U�S�J�D 	9�F�M�E �E�P�F�T �O�P�U
�D�P�M�M�B�Q�T�F �B	Q�F�S �U�I�F �H�B�U�F �W�P�M�U�B�H�F �J�T �S�F�N�P�W�F�E�
 �D�B�V�T�J�O�H �U�I�F �N�F�N�P�S�Z �D�F�M�M �U�P �T�U�P�S�F �J�U�T �W�B�M�V�F �V�O�U�J�M �U�I�F
�O�F�Y�U �B�Q�Q�M�J�D�B�U�J�P�O �P�G �B�O �F�M�F�D�U�S�J�D 	9�F�M�E��

�"�O�U�J�G�V�T�F
�"�O �B�O�U�J�G�V�T�F �J�T �B �U�Z�Q�F �P�G �T�X�J�U�D�I �U�I�B�U �J�T �B�O �J�O�J�U�J�B�M�M�Z �P�Q�F�O�� �8�I�F�O �B �M�B�S�H�F �D�V�S�S�F�O�U �J�T �B�Q�Q�M�J�F�E�
 �U�I�F
�B�O�U�J�G�V�T�F �C�V�S�O�T �P�V�U�
 �S�F�T�V�M�U�J�O�H �J�O �B �D�M�P�T�F�E �T�U�B�U�F�� �#�Z �T�F�M�F�D�U�J�W�F�M�Z �C�V�S�O�J�O�H �B�O�U�J�G�V�T�F�T�
 �U�I�F �'�1�(�" �D�B�O �C�F
�D�P�O	9�H�V�S�F�E��

�4�U�B�U�J�D �N�F�N�P�S�Z
�" �T�U�B�U�J�D �3�"�. �	�4�3�"�.�
 �D�F�M�M �D�P�O�T�J�T�U�T �P�G �U�X�P �J�O�W�F�S�U�F�S�T �D�P�O�O�F�D�U�F�E �J�O �B �G�F�F�E�C�B�D�L �M�P�P�Q�
 �X�J�U�I �U�X�P
�B�E�E�J�U�J�P�O�B�M �U�S�B�O�T�J�T�U�P�S�T �V�T�F�E �U�P �S�F�B�E �G�S�P�N �B�O�E �X�S�J�U�F �J�O�U�P �U�I�F �N�F�N�P�S�Z�� �"�T �M�P�O�H �B�T �Q�P�X�F�S �J�T �B�Q�Q�M�J�F�E
�U�P �U�I�F �N�F�N�P�S�Z�
 �U�I�F �T�U�B�U�F �P�G �U�I�F �G�F�F�E�C�B�D�L �M�P�P�Q �J�T �T�U�P�S�F�E��

�5�B�C�M�F ������ �Q�S�P�W�J�E�F�T �B �D�P�N�Q�B�S�J�T�P�O �P�G �U�I�F �E�J	8�F�S�F�O�U �U�Z�Q�F�T �P�G �D�P�O	9�H�V�S�B�U�J�P�O �N�F�N�P�S�J�F�T�� �.�P�T�U �'�1�(�"�T �J�O �V�T�F
�U�P�E�B�Z �J�N�Q�M�F�N�F�O�U �B�O �4�3�"�. �C�B�T�F�E �D�P�O	9�H�V�S�B�U�J�P�O �N�F�N�P�S�Z��

�5�B�C�M�F ���������$�P�N�Q�B�S�J�T�P�O �C�F�U�X�F�F�O �U�I�F �E�J	8�F�S�F�O�U �'�1�(�" �D�P�O	9�H�V�S�B�U�J�P�O �N�F�N�P�S�Z �U�Z�Q�F�T �<���>�� �5�I�F �U�F�S�N �5�S�� �J�O
�U�I�F �S�P�X �M�B�C�F�M�F�E �N�F�N�P�S�Z �B�S�F�B �T�U�B�O�E�T �G�P�S �U�S�B�O�T�J�T�U�P�S��

�.�F�U�S�J�D �'�M�B�T�I �N�F�N�P�S�Z �"�O�U�J�G�V�T�F �4�U�B�U�J�D �N�F�N�P�S�Z

�/�P�O�W�P�M�B�U�J�M�F �:�F�T �:�F�T �/�P
�3�F�D�P�O	9�H�V�S�B�C�J�M�J�U�Z �:�F�T �/�P �:�F�T
�.�F�N�P�S�Z �B�S�F�B �.�J�E �	�� �5�S���
 �4�N�B�M�M �	�O�P�O�F�
 �-�B�S�H�F �	�� �5�S���

�1�S�P�D�F�T�T �'�M�B�T�I �$�.�0�4 �� �"�O�U�J�G�V�T�F �$�.�0�4
�-�J�G�F�U�J�N�F �� �5�J�N�F�T���������� �� �*�O	9�O�J�U�Z

�5�I�F �C�J�U�T�U�S�F�B�N �J�T �V�Q�M�P�B�E�F�E �U�P �U�I�F �'�1�(�" �W�J�B �B �+�P�J�O�U �"�D�U�J�P�O �5�F�T�U �(�S�P�V�Q �	�+�5�"�(�
 �D�P�O�O�F�D�U�J�P�O �B�O�E �E�F�E�J�D�B�U�F�E
�Q�S�P�H�S�B�N�N�F�S�� �8�I�F�O �D�P�O�T�J�E�F�S�J�O�H �B�O �4�3�"�. �C�B�T�F�E �'�1�(�"�
 �U�I�F �C�J�U�T�U�S�F�B�N �D�B�O �C�F �T�U�P�S�F�E �J�O �B �O�P�O���W�P�M�B�U�J�M�F
�G�B�T�I�J�P�O �C�Z �V�U�J�M�J�[�J�O�H �B�O �F�Y�U�F�S�O�B�M 	:�B�T�I �N�F�N�P�S�Z �N�P�E�V�M�F�� �*�O �U�I�J�T �D�B�T�F�
 �U�I�F �'�1�(�" �D�B�O �M�P�B�E �J�U�T �D�P�O	9�H�V�S�B�U�J�P�O
�G�S�P�N �N�F�N�P�S�Z �W�J�B �4�F�S�J�B�M �1�F�S�J�Q�I�F�S�B�M �*�O�U�F�S�G�B�D�F �	�4�1�*�
 �B�O�E �E�P�F�T �O�P�U �O�F�F�E �U�P �C�F �Q�S�P�H�S�B�N�N�F�E �N�B�O�V�B�M�M�Z�� �5�I�F
�F�Y�U�F�S�O�B�M �N�F�N�P�S�Z �J�T �O�P�U �S�F�R�V�J�S�F�E �C�Z �U�I�F 	:�B�T�I �C�B�T�F�E �'�1�(�"�
 �X�I�J�D�I�
 �C�Z �E�F	9�O�J�U�J�P�O�
 �I�B�T �O�P�O���W�P�M�B�U�J�M�F 	:�B�T�I
�N�F�N�P�S�Z �P�O���D�I�J�Q��
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3.1.2 LogicBlocks

�5�I�F �N�P�T�U �J�N�Q�P�S�U�B�O�U �F�M�F�N�F�O�U �P�G �B�O �'�1�(�" �J�T �U�I�F �$�-�#�� �4�V�D�I �B �C�M�P�D�L �D�P�O�T�J�T�U�T �P�G �B �-�6�5�
 	:�J�Q��	:�P�Q�T �B�O�E �B�O
�P�V�U�Q�V�U �N�V�M�U�J�Q�M�F�Y�F�S�� �" �-�6�5 �J�T �D�P�N�Q�P�T�F�E �P�G �B �����C�J�U �X�J�E�F �N�F�N�P�S�Z �X�J�U�I �D�P�O�O�F�D�U�F�E �N�V�M�U�J�Q�M�F�Y�F�S�T �B�O�E �J�T
�S�F�T�Q�P�O�T�J�C�M�F �G�P�S �U�I�F �S�F�B�M�J�[�B�U�J�P�O �P�G �D�P�N�C�J�O�B�U�P�S�J�B�M �M�P�H�J�D�� �5�I�F �J�O�Q�V�U �U�P �U�I�F �-�6�5 �D�P�S�S�F�T�Q�P�O�E�T �U�P �U�I�F �B�E�E�S�F�T�T
�P�G �B �C�J�U �J�O �U�I�F �Q�S�F�W�J�P�V�T�M�Z �N�F�O�U�J�P�O�F�E �N�F�N�P�S�Z�
 �B�O�E �J�U�T �P�V�U�Q�V�U �J�T �E�F	9�O�F�E �C�Z �U�I�F �W�B�M�V�F �T�U�P�S�F�E �B�U �U�I�B�U �T�Q�F�D�J	9�D
�M�P�D�B�U�J�P�O�� �"�����J�O�Q�V�U �-�6�5 �J�T �D�P�N�Q�P�T�F�E �P�G���† �N�F�N�P�S�Z �D�F�M�M�T �B�O�E �B�������J�O�Q�V�U �N�V�M�U�J�Q�M�F�Y�F�S �	�.�6�9�
�� �4�V�D�I �B �-�6�5
�D�B�O �S�F�Q�S�F�T�F�O�U �B �M�P�H�J�D �G�V�O�D�U�J�P�O �P�G �T�J�[�F���õ

�P
�� �"�O �F�Y�F�N�Q�M�B�S�Z �C�M�P�D�L �E�J�B�H�S�B�N �P�G �B �$�-�# �J�T �T�I�P�X�O �J�O �'�J�H�V�S�F ��������
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�'�J�H�V�S�F ���������&�Y�B�N�Q�M�F �C�M�P�D�L �M�F�W�F�M �P�W�F�S�W�J�F�X �P�G �B �T�J�N�Q�M�F �$�-�#

�"	Q�F�S �U�I�F �-�6�5�
 �U�I�F 	:�J�Q��	:�P�Q�T �B�S�F �S�F�T�Q�P�O�T�J�C�M�F �G�P�S �U�I�F �T�F�R�V�F�O�U�J�B�M �M�P�H�J�D�� �5�I�F�T�F 	:�J�Q��	:�P�Q�T �I�B�W�F �E�F�E�J�D�B�U�F�E
�D�M�P�D�L �B�O�E �S�F�T�F�U �M�J�O�F�T�
 �U�I�B�U �B�S�F �S�P�V�U�F�E �U�I�S�P�V�H�I�P�V�U �U�I�F �'�1�(�" �G�B�C�S�J�D�
 �U�P �F�O�T�V�S�F �G�B�T�U �T�J�H�O�B�M �Q�S�P�Q�B�H�B�U�J�P�O�� �5�I�F
	9�O�B�M �P�V�U�Q�V�U �.�6�9 �T�F�M�F�D�U�T �X�F�B�U�I�F�S �U�I�F �M�P�H�J�D �C�M�P�D�L �P�V�U�Q�V�U�T �U�I�F �-�6�5�ß�T �P�S �U�I�F 	:�J�Q��	:�P�Q�ß�T �T�J�H�O�B�M�� �"�E�E�J�U�J�P�O�B�M�M�Z�

�E�F�E�J�D�B�U�F�E �D�B�S�S�Z �M�J�O�F�T �B�S�F �B�M�T�P �P	Q�F�O �Q�S�F�T�F�O�U �U�P �J�O�D�S�F�B�T�F �U�I�F �T�Q�F�F�E �P�G �B�S�J�U�I�N�F�U�J�D �P�Q�F�S�B�U�J�P�O�T �<���>��

3.1.3 RoutingStructure

�5�I�F �S�P�V�U�J�O�H �T�U�S�V�D�U�V�S�F �J�O �B�O �'�1�(�" �J�T �S�F�T�Q�P�O�T�J�C�M�F �G�P�S �D�P�O�O�F�D�U�J�O�H �U�I�F �M�P�H�J�D �C�M�P�D�L�T �B�O�E �P�U�I�F�S �D�F�M�M�T �V�T�F�E �J�O
�U�I�F 	9�O�B�M �E�F�T�J�H�O�� �5�I�F�S�F �B�S�F �U�X�P �E�J	8�F�S�F�O�U �U�Z�Q�F�T �P�G �S�P�V�U�J�O�H �T�U�S�V�D�U�V�S�F�T �Q�S�F�T�F�O�U�
 �U�I�F �H�M�P�C�B�M �S�P�V�U�J�O�H �T�U�S�V�D�U�V�S�F
�B�O�E �U�I�F �M�P�D�B�M �S�P�V�U�J�O�H �T�U�S�V�D�U�V�S�F�
 �F�B�D�I �X�J�U�I �B �E�J	8�F�S�F�O�U �Q�V�S�Q�P�T�F��

�5�I�F �H�M�P�C�B�M �S�P�V�U�J�O�H �T�U�S�V�D�U�V�S�F �J�T �S�F�T�Q�P�O�T�J�C�M�F �G�P�S �D�P�O�O�F�D�U�J�O�H �U�I�F �W�B�S�J�P�V�T �I�B�S�E �B�O�E �T�P	Q �C�M�P�D�L�T �P�G �B�O
�'�1�(�"�� �&�J�U�I�F�S �B�O �J�T�M�B�O�E �P�S �B �I�J�F�S�B�S�D�I�J�D�B�M �M�B�Z�P�V�U �J�T �V�T�F�E �U�P �J�N�Q�M�F�N�F�O�U �U�I�F �S�P�V�U�J�O�H�� �*�O �U�I�F �I�J�F�S�B�S�D�I�J�D�B�M
�M�B�Z�P�V�U�
 �N�V�M�U�J�Q�M�F �M�F�W�F�M�T �P�G �J�O�U�F�S�D�P�O�O�F�D�U�T �B�S�F �V�T�F�E�
 �X�J�U�I �F�B�D�I �I�J�H�I�F�S �M�F�W�F�M �I�B�W�J�O�H �B �M�B�S�H�F�S �O�V�N�C�F�S �P�G �X�J�S�F
�U�S�B�D�L�T �U�I�B�O �J�U�T �Q�S�F�W�J�P�V�T �M�F�W�F�M�� �"�O �F�Y�B�N�Q�M�F �P�G �U�I�J�T �M�B�Z�P�V�U �J�T �T�I�P�X�O �J�O �'�J�H�V�S�F �������
 �X�I�F�S�F �J�O �U�I�F 	9�S�T�U �M�F�W�F�M
�T�F�W�F�S�B�M �M�P�H�J�D �C�M�P�D�L�T �B�S�F �X�J�S�F�E �U�P�H�F�U�I�F�S �U�P �G�P�S�N �B �D�M�V�T�U�F�S�� �5�I�F �T�F�D�P�O�E �M�F�W�F�M �D�P�O�O�F�D�U�T �U�I�F �M�F�W�F�M�� �D�M�V�T�U�F�S�T
�J�O �P�O�F �E�J�S�F�D�U�J�P�O �P�G �U�I�F �G�B�C�S�J�D�
 �X�I�J�M�F �U�I�F �U�I�J�S�E �M�F�W�F�M �J�T �V�T�F�E �G�P�S �D�P�O�O�F�D�U�J�P�O�T �J�O �U�I�F �P�U�I�F�S �E�J�S�F�D�U�J�P�O�� �8�I�J�M�F
�U�I�J�T �U�Z�Q�F �P�G �S�P�V�U�J�O�H �D�B�O �Q�S�P�W�J�E�F �B �I�J�H�I���T�Q�F�F�E �D�P�O�O�F�D�U�J�P�O �C�F�U�X�F�F�O �U�I�F �M�P�H�J�D �C�M�P�D�L�T �J�O �B �D�M�V�T�U�F�S�
 �U�I�F
�B�E�W�B�O�U�B�H�F �E�J�N�J�O�J�T�I�F�T �B�T �T�P�P�O �B�T �D�M�V�T�U�F�S�T �O�F�F�E �U�P �D�P�N�N�V�O�J�D�B�U�F �B�D�S�P�T�T �U�I�F �I�J�H�I�F�S �M�F�W�F�M�T�� �0�O �U�I�F �P�U�I�F�S
�I�B�O�E�
 �J�O �U�I�F �J�T�M�B�O�E �M�B�Z�P�V�U �	�T�F�F �'�J�H�V�S�F �������
 �U�I�F �J�O�E�J�W�J�E�V�B�M �M�P�H�J�D �C�M�P�D�L�T �B�S�F �J�O�U�F�S�M�F�B�W�F�E �X�J�U�I �U�I�F �S�P�V�U�J�O�H
�X�J�S�F�T�
 �I�F�O�D�F �U�I�F �U�F�S�N �J�T�M�B�O�E�� �"�E�K�B�D�F�O�U �M�P�H�J�D �C�M�P�D�L�T �D�B�O �C�F �J�O�U�F�S�D�P�O�O�F�D�U�F�E �U�P �J�O�D�S�F�B�T�F �U�I�F �T�Q�F�F�E �P�G �T�J�H�O�B�M
�Q�S�P�Q�B�H�B�U�J�P�O �C�F�U�X�F�F�O �U�I�F�T�F �C�M�P�D�L�T�
 �X�I�J�M�F �N�P�S�F �E�J�T�U�B�O�U �C�M�P�D�L�T �V�T�F �U�I�F �S�P�V�U�J�O�H �X�J�S�F�T�� �.�P�E�F�S�O �$�.�0�4
�Q�S�P�D�F�T�T�F�T �T�I�J	Q �U�I�F �E�P�N�J�O�B�O�D�F �P�G �T�J�H�O�B�M �Q�S�P�Q�B�H�B�U�J�P�O �E�F�M�B�Z �G�S�P�N �U�I�F �H�B�U�F �U�P �U�I�F �S�P�V�U�J�O�H �E�F�M�B�Z�� �5�I�F�S�F�G�P�S�F
�U�I�F �J�T�M�B�O�E �M�B�Z�P�V�U �J�T �O�P�X �Q�S�F�G�F�S�S�F�E �<���>�
 �B�T �U�I�F �Q�B�S�B�T�J�U�J�D �D�B�Q�B�D�J�U�B�O�D�F�T �B�O�E �S�F�T�J�T�U�B�O�D�F�T �B�S�F �N�P�S�F �V�O�J�G�P�S�N
�X�J�U�I �U�I�F �J�T�M�B�O�E �M�B�Z�P�V�U��
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�'�J�H�V�S�F ���������)�J�F�S�B�S�D�I�J�D�B�M �S�P�V�U�J�O�H �M�B�Z�P�V�U�� �5�I�J�T 	9�H�V�S�F �J�T �B�E�P�Q�U�F�E �G�S�P�N �<�����> �X�J�U�I�P�V�U �B�O�Z �D�I�B�O�H�F�T��

�� �� ������ �� ������ �� �� �� ������ �� ������ �� �� �� ������ �� ������ �� �� �� ������ �� ������ �� �� �� ������ �� ������ ��

�� �� ������ �� ������ �� �� �� ������ �� ������ �� �� �� ������ �� ������ �� �� �� ������ �� ������ �� �� �� ������ �� ������ ��

�� �� ������ �� ������ �� �� �� ������ �� ������ �� �� �� ������ �� ������ �� �� �� ������ �� ������ �� �� �� ������ �� ������ ��

�� �� ������ �� ������ �� �� �� ������ �� ������ �� �� �� ������ �� ������ �� �� �� ������ �� ������ �� �� �� ������ �� ������ ��

�� �� ������ �� ������ �� �� �� ������ �� ������ �� �� �� ������ �� ������ �� �� �� ������ �� ������ �� �� �� ������ �� ������ ��

�'�J�H�V�S�F ���������*�T�M�B�O�E �S�P�V�U�J�O�H �M�B�Z�P�V�U�� �5�I�J�T 	9�H�V�S�F �J�T �B�E�P�Q�U�F�E �G�S�P�N �<�����> �X�J�U�I�P�V�U �B�O�Z �D�I�B�O�H�F�T��
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�5�I�F �J�O�E�J�W�J�E�V�B�M �M�P�H�J�D �C�M�P�D�L�T �B�O�E �S�P�V�U�J�O�H �X�J�S�F�T �B�S�F �D�P�O�O�F�D�U�F�E �J�O �U�I�F �M�P�D�B�M �S�P�V�U�J�O�H �T�U�S�V�D�U�V�S�F�� �)�F�S�F�

�D�P�O�O�F�D�U�J�P�O �C�P�Y�F�T �D�P�O�O�F�D�U �U�I�F �M�P�H�J�D �C�M�P�D�L�T �U�P �U�I�F �S�P�V�U�J�O�H �T�U�S�V�D�U�V�S�F �V�T�J�O�H �T�Q�B�S�T�F �D�S�P�T�T�C�B�S�T�� �4�X�J�U�D�I �C�P�Y�F�T�

�P�O �U�I�F �P�U�I�F�S �I�B�O�E�
 �B�S�F �Q�M�B�D�F�E �J�O �U�I�F �J�O�U�F�S�T�F�D�U�J�P�O �P�G �U�I�F �I�P�S�J�[�P�O�U�B�M �B�O�E �W�F�S�U�J�D�B�M �X�J�S�J�O�H �D�I�B�O�O�F�M�T�� �5�I�S�F�F
�U�Z�Q�F�T �P�G �T�X�J�U�D�I �C�P�Y�F�T �B�S�F �T�I�P�X�O �J�O �'�J�H�V�S�F �������
 �U�I�F �E�J�T�K�P�J�O�U�
 �V�O�J�W�F�S�T�B�M �B�O�E �8�J�M�U�P�O �U�Z�Q�F��

�'�J�H�V�S�F ���������%�J�T�K�P�J�O�U�
 �V�O�J�W�F�S�T�B�M �B�O�E �8�J�M�U�P�O �U�Z�Q�F�T �P�G �T�X�J�U�D�I �C�P�Y�F�T �G�P�S �B �S�P�V�U�J�O�H �T�U�S�V�D�U�V�S�F �X�J�U�I �G�P�V�S
�I�P�S�J�[�P�O�U�B�M �B�O�E �W�F�S�U�J�D�B�M �M�J�O�F�T�� �5�I�J�T 	9�H�V�S�F �J�T �B�E�P�Q�U�F�E �G�S�P�N �<���> �X�J�U�I�P�V�U �B�O�Z �D�I�B�O�H�F�T��

�*�O �B �E�J�T�K�P�J�O�U �U�Z�Q�F �P�G �T�X�J�U�D�I �C�P�Y�
 �P�O�M�Z �D�I�B�O�O�F�M�T �X�J�U�I �U�I�F �T�B�N�F �D�B�S�E�J�O�B�M�J�U�Z �D�B�O �C�F �D�P�O�O�F�D�U�F�E�
 �X�I�J�M�F �U�I�F
�V�O�J�W�F�S�T�B�M �T�X�J�U�D�I �C�P�Y �U�Z�Q�F �D�B�O �D�P�O�O�F�D�U �U�X�P �D�I�B�O�O�F�M �Q�B�J�S�T �P�G �E�J	8�F�S�F�O�U �D�B�S�E�J�O�B�M�J�U�Z�� �*�O �D�B�T�F �P�G �U�I�F �8�J�M�U�P�O
�U�Z�Q�F�
 �U�I�F �D�B�S�E�J�O�B�M�J�U�Z �P�G �F�B�D�I �D�I�B�O�O�F�M �J�T �J�O�D�S�F�B�T�F�E �C�Z �P�O�F �B	Q�F�S �U�X�P �T�U�F�Q�T�
 �V�O�U�J�M �U�I�F �J�O�J�U�J�B�M �D�I�B�O�O�F�M �J�T
�S�F�B�D�I�F�E �B�H�B�J�O��

3.1.4 I/OPads

�5�P �D�P�O�O�F�D�U �U�I�F �G�B�C�S�J�D �P�G �B�O �'�1�(�" �X�J�U�I �U�I�F �P�V�U�T�J�E�F �X�P�S�M�E�
 �*���0 �C�M�P�D�L�T �B�S�F �Q�M�B�D�F�E �B�S�P�V�O�E �U�I�F �Q�F�S�J�Q�I�F�S�Z �P�G
�U�I�F �D�I�J�Q �U�I�B�U �D�B�O �C�F �D�P�O�O�F�D�U�F�E �U�P �U�I�F �M�P�H�J�D �C�M�P�D�L�T �U�I�S�P�V�H�I �U�I�F �S�P�V�U�J�O�H �T�U�S�V�D�U�V�S�F�� �"�T �T�V�D�I�
 �U�I�F�T�F �C�M�P�D�L�T
�D�B�O �P�Q�F�S�B�U�F �B�T �V�T�F�S �E�F	9�O�F�E �*���0�T�
 �D�M�P�D�L �J�O�Q�V�U�T �P�S �G�P�S �T�V�Q�Q�M�Z�J�O�H �Q�P�X�F�S �U�P �U�I�F �W�B�S�J�P�V�T �'�1�(�" �T�V�C�T�Z�T�U�F�N�T�

�T�V�D�I �B�T �U�I�F �D�P�S�F �P�S �U�I�F �1�-�-�T�� �5�I�F �*���0 �Q�J�O�T �D�B�O �P�Q�F�S�B�U�F �B�U �E�J	8�F�S�F�O�U �W�P�M�U�B�H�F �M�F�W�F�M�T �D�P�N�Q�B�S�F�E �U�P �U�I�F
�'�1�(�"�ß�T �D�P�S�F �W�P�M�U�B�H�F�
 �B�O�E �U�P �S�F�E�V�D�F �U�I�F �O�V�N�C�F�S �P�G �Q�J�O�T �S�F�R�V�J�S�F�E �G�P�S �U�I�J�T �U�B�T�L�
 �*���0 �Q�J�O�T �B�S�F �H�S�P�V�Q�F�E �J�O�U�P
�C�B�O�L�T�� �5�I�F �C�B�T�J�D �G�F�B�U�V�S�F�T �P�G �*���0 �C�M�P�D�L�T �B�S�F �M�J�T�U�F�E �C�F�M�P�X��

�è�$�P�O	9�H�V�S�B�C�M�F �Q�V�M�M���V�Q �B�O�E �Q�V�M�M���E�P�X�O �S�F�T�J�T�U�P�S�T��

�è�0�V�U�Q�V�U �C�V	8�F�S �X�J�U�I �F�O�B�C�M�F �P�Q�F�S�B�U�J�P�O�T��

�è�-�B�U�F�O�D�Z �B�E�K�V�T�U�N�F�O�U �X�J�U�I 	:�J�Q��	:�P�Q�T��

�è�0�V�U�Q�V�U �C�V	8�F�S �T�M�F�X �S�B�U�F �D�P�O�U�S�P�M��

�"�E�E�J�U�J�P�O�B�M�M�Z�
 �D�F�S�U�B�J�O �*���0 �C�M�P�D�L�T �T�V�Q�Q�P�S�U �E�J	8�F�S�F�O�U�J�B�M �T�J�H�O�B�M�T �B�O�E �D�B�O �D�P�N�C�J�O�F �U�I�F �O�F�H�B�U�J�W�F �B�O�E �Q�P�T�J�U�J�W�F
�T�J�H�O�B�M�T �X�J�U�I�P�V�U �S�F�R�V�J�S�J�O�H �B�E�E�J�U�J�P�O�B�M �M�P�H�J�D��
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