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D EGF H9IKJMLNI5OAPRQ
S>T%U V WYX�Z[Z I]\ X Q?I�^`_ X J D PaPb^`_[J9c

U XKd PRe \fPRQ gAhji8hlkNknm
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 �r��s ���rs ��� �Mt u v �

w x H X ^ X�y{zaX J d PRQR|}_ X J P Z P z ^`Q X J~|���Q X e ^�H]_[J � y�Z IK�jPRQ _[J�LK� z P
I d I Z IKJ z H9P IKe � Z _�� z I�^`_ X J I�^�� y J �f�-J z ^`_ X J

w V�Z P z ^`Q X J�| z Q?PaI�^�P?L \�� _ X J�_���_[J9c �-IKQ�^`_ z�Z P�| ^`Q?I d PRQ�|}_[J9c ^�H9P
\�� Z O IKQ?P J X ^�IKe � Z _���PaL
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region where
primary electrons
see gain

"reach through mode" "reverse mode"

multiplication
region

illumination illumination

T x�� � | �'QCP d PRQR|RPl� |�^`QR� z ^`�-QCP H9I d P _[e ��Q XKd PaL z H9IKQ?I z ^�PRQ�_�|�^`_ z | �
w H]_�c�H |{�lPaPaL
w c XrX L Q?P�|{� X J�|RP ^ X \ Z ��P IKJML d _�|}_�\ Z P Z _�c�Hl^
w |}e I Z[Z P�� z P�| | J X _�|RP���I z ^ X Q
w Q?P?LK� z P?L ^�PRe �-PRQ?I�^`�lQ?P LNP¡�-PRJMLNPRJ z P
w Q?INLK_¢I�^`_ X J Q?P�|}_�|�^�IKJ z P
w |}e I Z[Z J�� zbZ P?IKQ zaX �-J~^�P�Q P�£ P z ^



¤ ���¥¦��� � �§� u v � ��� 
 �v

w T x¨� � | �9|}��I Z[Z � X �lPRQ?I�^�PaL _[J Z _[J�PaIKQ e X LNP © cªPRJMPRQ?I�^�P?L
|}_�c�JMI Z ��Q X � X Qb^`_ X JMI Z ^ X _ Z[Z �le _[J�I�^`_ X J

w T x¨� � | z IKJ \CP X �-PRQ?I�^�P?L _[J «¬PR_cªPRQ e X LNP ®¯H9PRJ \�_¢Iª|
d�X�Z ^�I°cªP _�|��bP�® d�X�Z ^¢| H]_�c°H9PRQ ^�H9IKJ \�Q?P?I5OKL X ® J d�X�Z ^�I°cªP

w T Q?P?I X �§�BH X ^ X LK_ X LNP |{� Z _�^¨_[J~^ X Z IKQ{cªP J��-e \CPRQ X �±��_�2P Z |² ³ gj´NkNk ��_�2P Z |¶µ�e e · ¸

w V I z H ��_�2P Z H9Iª| _�^¢| X ® J z?X J�JMP z ^`_ X J ^ X \�_¹Iª| d5X�Z ^�I°cªP
d _¢I I Q?P�|}_�|�^`_ d _`^`� X � |RP d PRQ?I Z gjkNk O�º

w � _ X LNP _�| X �lPRQ?I�^�PaL I�^�I \�_¢Iª| ®¯H]_ z H z IKJ \fP �A� ^ X gjk »
H]_�c�H9PRQ ^�H9IKJ \�Q?PaI5OAL X ® J d5X�Z ^�I°cªP

w S _�J-c Z P¼�BH X ^ X J H]_�^¹^`_[J9c X J�P½��_�2P Z ^`Q�_�cnc�PRQR| I \�Q?PaI5OAL X ® J
IKJ�L IKJ X �9^¾���>^�|}_�c5J�I Z�X � ³ gjk�¿ P Z P z ^`Q X J�|

w À _¢Iª| d�X�Z ^�I°cªP X � I ��_�2P Z LKQ X �~| i�\�Q?PaI5OAL X ® J _�| Á��BP�J z H9PaL
IKJ�L I?��^�PRQ ³ gjkNk J�| iÂ��_Ã�2P Z _�| IKQRe PaL I°cªIK_�J




 �v � Ä p���p§��������nqÂ�r5��q

w S _ Z _ zaX J x D Å �
Æ J XKd P Z ^`�R�-P X � T x��
Æ _[J�|RP�J�|}_�^`_ d P ^ X e I°c5J�Pb^`_ z ��P Z Lª|
Æ H]_�c�H cªIK_[J ³ gjk ¿
Æ c XrX L Á��BIKJÇ^`�-e P�È z _¢P�J z � ³ ÉNÉ>Ê I�^ÌË�Í ´N´Nk J�e
Æ P � z P Z[Z P�J~^�^`_�e _[J9c Q?P�| X�Z �>^`_ X J ³ gAhlk �~| � X Q |}_[J-c Z P
�BH X ^ X P Z P z ^`Q X J LNPb^�P z ^`_ X J

Æ �bIª|�^�Q�_�|RPb^`_[e P ³ g J�|
Æ I z H]_¢P d Pb| c XrX L LK�KJ�IKe _ z QCIKJ9cªP ³ gjk�Î�µ�e e ·
Æ L X P�| J X ^�P �AH]_�\�_�^�IKJ�� |RPRQR_ X �9| QCINLK_¹I�^`_ X J LNIKe I°cªP P�£½P z ^¢|
Æ QCPaÁR�-_[Q?P�| Z¾X ® \�_¢Iª| d�X�Z ^�I°cªP ³ ´Nk y É k »
Æ ZÏX ® zaX |�^ ³ Ð ´N´ �-PRQ �-J�_�^




 �v s p�	 �rs Ñ Ò �����	 ��Ó

w Ô V _[J Õ » QCP¶c�_ X J \fP ZÏX ® Ö]kNk J�e _�| |�^`_ Z[Z hlk y Ö]k Ê
w � X ��_[J9c z IKJ _[J z Q?P?Iª|RP Ô V ^ X e X QCP ^�H9IKJ ´Nk Ê




 �v v Ä ������	 � ���������r���	 Ò �����	 ��Ó




 �v �¨q�× o s ���¡� Ø%Ù Ú�Ù

w S _ x D Û�Iª|?H9PaL ® _`^�H Ü��Ç^`_�^`Q X J U Ý y g T
w À �-Q Z P Þ]´lßK´ �-J�LNPRQ _¢LNPRJÇ^`_ z I Z�zaX J�LK_�^`_ X J�| i¨I�^�h O+»




 �v 
 �¥¨	 p¦� �¨q�× ���qà�

w W x Å T S _ x D ® _�^�H S�z _á�_ IKJML â V � ^`Q�_�cnc�PRQ?P?L I�^ gjkNk O�ã �
w � U X _�|RP�� Q?I�^�P JMP{c Z _�c5_�\ Z P z?X e �lIKQ?P?L ^ X Q?P?I Z P d PRJÇ^¢|
w U X _�|RP IKe � Z _�^`��LNP \CP Z¾X ® X J�P x E V E Z P d P Z




 s Ñ Ñ p���Ó

w S _ x D � | IKQ?P I d _¢I]\ Z P I Z ^�PRQ�JMI�^`_ d P ^ X á�_[JMP D P�|?H x D Å � |

w ã _�c�H e I°c�JMPb^`_ z ��P Z L X �-PRQ?I�^`_ X J

w Ý INLK_¢I�^`_ X J H9IKQCL LNP d _ z P

w Ý P Z _¢I]\�_ Z _�^`� \fP�^¹^�PRQ ^�H9IKJ äNä Ê z IKJ \fP P �b�lP z ^�PaL P d PRJ _[J
d PRQR� H X |�^`_ Z P P�J d _�Q X J�e PRJÇ^

w â X ® zaX |�^�IKJML z IKJ \CP ^�IK_ ZÏX Q?PaL ^ X |{�-P z _�� z JMP?PaLª|

w WYX �5� Z _[J9c ^ X Ô ��IKQ�^å� X Q SÇz _Ãá�_YJ�PaP?Lª| e X Q?P |�^`��LK�


