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o p �n�V�i�°���
ÌÆävµp±(±²¯j»q®²µ¬«.¨�¾vº²¯j±²¯j¨,®²±ì®²ä�¯�©g¨�©gª¬ËL±Îµ¦±ë©g¨vÂ º²¯j±²¼�ª¬®²±(«gç�®²ä�¯�±²®²©ÈÊ�µ¦ª¦µ¬® Ëgíd©g¨�©gª¬«g�í	Âvµ¬.µ¬®²©gª�©g¨vÂ ¾y«�¸¹¯]º
»q«.¨v±²¼�½�¾v®²µ¬«.¨�½�¯j©g±²¼vº²¯j½�¯j¨r®²±]¤rqd±²¼v©gª¦ª¦Ëø©g¨�¯qö%©g½�¾�ª¬¯õ«gç6«.¨v¯�¸å©Èç[¯]ºuµ¦±d.µ � ¯j¨�©g±	©ë±²»]©È®°®°¯]ºÎ¾�ª¬«g®�©g¨vÂ®²ä�¯�º²¯j±Î¼vª¬®²±d«gç¹©gªpªA¸å©Èç[¯]ºÎ±�©Èº²¯�±²äv«�¸ê¨�µ¦¨�©ëävµp±°®°«ggºÎ©g½ë¤õÌÆä�¯�©g»q®²¼v©gªÿºÎ¯j±²¼vª¬®²±�«gç6¯j©g»Îä�¾*©Èº²®	©Èº²¯�©gª¦±°«
±²¼v½�½�©ÈºÎµ¦±°¯jÂìµ¦¨ë©�®²©ÈÊ�ª¬¯g¤nÌÆäv¯�Âvµ¬.µ¬®²©gªy©g¨vÂë®°«g®²©gªTËLµ¦¯jª¦Âë©Èº²¯�«.¨vª¦Ë!±²ä�«I¸ê¨æµ¦¨ë©�®²©ÈÊ�ª¬¯g¤
Y&%(' )+*-,�.(/�13sR476�_�.F2�6
ÌÆävµp±B±°¯j»q®²µ¦«.¨v±	»q«.¨v»q¯]ºÎ¨v±�®²äv¯õ©g¨�©gª¬«gëº²¯j±²¼vª¦®²±B«gç6®²ä�¯�¨�¯]¸×»Îävµ¦¾�®°¯j±²®²µ¦¨�ë±°Ë%±°®°¯j½ ©È®uÍåònÅBóuíTÉvÍåþ0·6·Aí
©g¨vÂ�ÅB§	�n¤TÌÆä�¯�ç[«%»]¼v±	«gçå®²ävµ¦±	±°¯j»q®²µ¦«.¨�µ¦±	«.¨�®²ä�¯�±°®²©ÈÊ�µpª¦µ¬®>Ë�«gçå»q«.¨v±°¯j»]¼�®²µ � ¯(©g¨v©gª¬«gø½�¯j©g±²¼�º²¯j½�¯j¨r®²±«.¨ì®²ä�¯	¨�¯]¸�±°Ë%±°®°¯j½�±L� ÉL¯j»q®²µ¦«.¨æ¶L¤¦¥È¤¦¥��å©g¨vÂì®²ä�¯	Âvµ¬ºÎ¯j»q®¹»q«.½�¾*©ÈºÎµ¦±°«.¨ìÂvµéèy¯]º²¯j¨v»q¯�µ¦¨(®²ä�¯	Âv©È®²©õÊy¯]®>¸¹¯]¯j¨
®²ä�¯u¨v¯]¸ ±°ËL±²®°¯j½�±ê©g¨vÂæ®²ä�¯	«.ª¦Â�Íåò6Åêó�®°¯j±°®²µ¦¨��±²ËL±°®°¯j½t� ÉL¯j»q®²µ¬«.¨ø¶L¤¦¥È¤³£��M¤
Ã�u �7u7� ���I�vÝ¢�7�7�l�wv
ÌÆä�¯:±°®²©ÈÊ*µ¦ª¦µ¬® Ë�«gç�©g¨�©gª¬«g	º²¯j±²¼vª¦®²±2çl«gºÿ®²ä�¯BÉ�Í¹þ0·6·�©g¨vÂ�Åê§
�æ®°¯j±²®°¯]ºn±°Ë%±°®°¯j½�±ÿ¸¹¯]º²¯ � ©ÈºÎµxWv¯jÂ�ÊLË�º²¯]¾y¯j©È®yn¯jÂvª¬Ë�½�¯j©g±²¼�ºMµ¦¨�ì©ë±²µ¦¨�.ª¬¯õ»Îä�µ¬¾�¸êµ¬®²ä�«.¼�®�º²¯j±²¯]®°®²µ¦¨�ì®²ä�¯�±°Ë%±°®°¯j½ë¤õÌÆä�¯õº²¯j±²¼�ª¬®B¸¹¯]º²¯�®²ä�¯j¨�»q«.½�¾�©Èº²¯jÂ
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ÌT¯j±²®°¯]º {�©gµ¦¨ ï èK±°¯]® óê«.µp±°¯
ÉLË%±°®°¯j½ ´d¯ � µ¦©È®²µ¦«.¨ ´d¯ � µ¦©È®²µ¦«.¨ ´d¯ � µ¦©È®²µ¦«.¨ÉvÍ¹þ ·n· ¥�| ù�| Ñ5|
Åê§
� ¥�| }�| }�|

ÌA©ÈÊ�ª¦¯(¶L¤³¶��!É%¼v½�½�©Èº²Ë�«gçÆ®²ä�¯�®°¯j±²®°¯]ºõ±²®²©ÈÊ�µ¦ª¦µ¬® Ëg¤æÌÆä�¯�Âv¯ � µ¦©È®²µ¦«.¨�µ¦±�©�½�¯j©g±Î¼�º²¯j½�¯j¨r®u«gçÆä�«I¸ ½�¼v»Mä
»q«.¨v±°¯j»]¼�®²µ � ¯u®°¯j±°®êºÎ¼�¨v± � ©Èº²Ëìç[º²«.½#®²ä�¯~W�ºÎ±°®:ºÎ¼v¨ð¤
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Difference in Gain (mV/fC)
�
RMS: 0.33   Mean: -0.05
�
Difference in Offset (mV)
RMS: 1.06   Mean: 0.07
Difference in Noise (mV)
�
RMS: 0.36   Mean: 0.00

Reproducibility of 25 Consecutive Runs on the SCIPP Tester

: µ¦.¼�º²¯ë¶L¤¦¥��!§d¨v©gª¬«g�º²¯]¾vº²«%Âv¼v»]µ¬Ê*µ¦ª¦µ¬® Ëøº²¯j±²¼�ª¬®²±uç[«gº�£gù�»q«.¨v±°¯j»]¼�®²µ � ¯ë½�¯j©g±Î¼�º²¯j½�¯j¨r®²±�«.¨{®²äv¯æÉ�Í¹þ0·6·®°¯j±°®°¯]ºB±°Ë%±°®°¯j½ë¤

»Îäv©g¨v¨v¯jªyÊrË(»Îäv©g¨v¨v¯jªyçl«gºÆÂvµ¬è�¯]º²¯j¨�»q¯j±]¤ : µ¦.¼�º²¯�¶L¤¦¥�©g¨vÂë¶L¤³£�±²äv«�¸�®²ä�¯	Âvµ¦±²®°ºÎµ¬Ê�¼�®²µ¦«.¨�«gç¢®²ä�¯	Âvµéèy¯]º²¯j¨v»q¯
çl«gº	®²ä�¯õ.©gµ¦¨ðí�«ÈèK±°¯]®]í¢©g¨vÂ�¨�«.µ¦±°¯�«gçn®²ä�¯�£gùì½�¯j©g±Î¼�º²¯j½�¯j¨r®²±	¼v±°¯jÂK¤�ÌA©ÈÊ�ª¦¯õ¶L¤³¶ìµ¦±�©ì±²¼v½�½�©Èº²Ëæ«gç6®²ä�¯
Â�¯ � µp©È®²µ¬«.¨ëÊy¯]®>¸¹¯]¯j¨æ®²ä�¯~W�ºÎ±°®:ºÎ¼v¨ì«gç¢®²ä�¯�®°¯j±²®°¯]ºB©g¨vÂë®²äv¯	«g®²ä�¯]ºd£O¿�»q«.¨�±°¯j»]¼�®²µ � ¯�ºÎ¼v¨v±]¤
Ã�u �Oup� �6�L�]���L�ë}��?�{�A�v�È�[�j�*�
ÌÆä�¯!»q«.½�¾�©ÈºÎµ¦±°«.¨�Êy¯]®>¸¹¯]¯j¨{®²äv¯�«.ª¦Â�®°¯j±°®²µ¦¨��±°ËL±²®°¯j½ ©È®�ÍåònÅBó#©g¨vÂ{®²ä�¯!¨�¯]¸ ®°¯j±°®²µ¦¨��±°Ë%±°®°¯j½�±�©È®
ÍåònÅBóuí�ÉvÍ¹þ ·n·¢í,©g¨vÂ!Åê§
��¸å©g±¹©g»]»q«.½�¾�ª¦µ¦±Îä�¯jÂ�ÊLË�Âvµ¬º²¯j»q®²ª¦Ë�»q«.½�¾*©ÈºÎµ¦¨��®²äv¯d©g¨v©gª¦«g�½�¯j©g±²¼vº²¯j½�¯j¨r®²±]¤
ÌÆä�¯�.©gµp¨Kí�¨�«.µ¦±°¯gíÿ©g¨vÂ{«ÈèK±°¯]® � ©gª¦¼v¯j±�½�¯j©g±Î¼�º²¯jÂ{«.¨�®²ä�¯ì¨�¯]¸ ®°¯j±°®²µ¦¨��±°Ë%±°®°¯j½�±�¸¹¯]º²¯(©g¨�©gª¬Ërý]¯jÂQç[«gº
®²ä�¯jµ¬ºê»q«.½�¾*©È®²µ¬Ê�µ¦ª¦µ¦®>Ë�¸êµ¦®²äì®²ä�¯�«.ª¦ÂøÍåò6Åêó Âv©È®²©%¤
�(���7�
þ0¨ : µ¬.¼�º²¯ì¶L¤³¶æ®²äv¯!.©gµ¦¨Q½�¯j©g±²¼vº²¯jÂ�«.¨{®²ä�¯æÉvÍ¹þ ·n· ±°Ë%±°®°¯j½ ©g¨vÂ�®²äv¯�«.ª¦Â�ÍåònÅBó#±°Ë%±°®°¯j½ çl«gºõ©

±²µ¦¨�.ª¬¯¹»Îävµ¦¾�ç[º²«.½ ¸å©Èçl¯]º:¥jù�µ¦±¢Âvµ¦±°¾*ª¦©jËg¯jÂ�µ¦¨�©d±Î»]©È®°®°¯]º²¾�ª¬«g®2ç[«gºÎ½�©È®]¤ÿÌÆävµ¦± : µ¬.¼�º²¯åµ¦±¢©d®>ËL¾�µ¦»]©gªL¯qö%©g½�¾�ª¬¯
«gç:®²ä�¯!.©gµp¨v±�ç[«gº�®²äv¯j±°¯!® ¸6«�±°Ë%±°®°¯j½�±]¤øþ0¨�g¯j¨�¯]ºÎ©gª6®²ä�¯ëÉ�Í¹þ0·6·�±°Ë%±°®°¯j½ ½�¯j©g±²¼vº²¯j±u±²ªpµ¬.ä,®²ª¦Ë�ä�µ¬.ä�¯]º
.©gµ¦¨v±å«.¨ë© � ¯]ºM©Èg¯�»q«.½�¾�©ÈºÎ¯jÂë®°«�®²ä�¯	«.ª¦ÂæÍåò6Åêó�±²ËL±°®°¯j½æ¤nÌÆä�¯j±°¯	Âvµ¬è�¯]º²¯j¨�»q¯j±:©Èº²¯	«.¨ì®²ä�¯	«gºÎÂ�¯]ºå«gç2©¶�|#»Îä�©g¨�g¯�« � ¯]ºd¸å©Èçl¯]º�¥jù�7ÌA©ÈÊ*ª¬¯u¶L¤À¿��M¤ÌÆä�¯õ.©gµ¦¨�«gç6©ë»Mäv©g¨v¨�¯jª2½�¼v±°®�Êy¯�©È®�ª¬¯j©g±²®	ùÈúh|�«gçn®²ä�¯�½�¯j©g¨�.©gµ¦¨�®°«ëÊy¯�©g»]»q¯]¾v®°¯jÂK¤�ÌÆä�¯�© � ¯]ºÎ©Èg¯Âvµéèy¯]º²¯j¨v»q¯�µ¦¨�.©gµ¦¨�«gçn®²äv¯õÂ�µéè�¯]ºÎ¯j¨,®�®°¯j±°®�±²µ¦®°¯j±	µ¦±�©ÈÊ�«.¼v®	¶�|ìíð®²äv©È®�½�¯j©g¨v±jíK®²äv©È®�©ì»Îäv©g¨v¨v¯jª2¸êµ¬®²ä�©
.©gµ¦¨ø®²ä�©È®�ªpµ¬¯j±êµ¦¨�®²ä�¯�º²¯].µ¬«.¨�©Èº²«.¼v¨vÂ�äv©gª¬çÿ®²ä�¯õ½�¯j©g¨�äv©g±B®²ä�¯õÂv©g¨�g¯]º�«gçÿ¾�©g±²±²µp¨��«.¨�«.¨�¯õ±²µ¬®°¯�©g¨vÂ
ç[©gµ¦ªpµ¦¨��«.¨�±°«.½�¯�«g®²äv¯]º�±²µ¬®°¯g¤ : «gºÎ®²¼v¨v©È®°¯jª¬Ëgíð®²äv¯õ»Mäv©g¨v»q¯õ«gç6©ì»Mäv©g¨v¨�¯jª2äv© � µ¦¨vì© � ©gª¦¼�¯õ©Èº²«.¼v¨vÂ�äv©gª¦ç
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Difference in Consecutive Measurements
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Difference in Gain (mV/fC)
RMS: 0.37   Mean: -0.19
�
Difference in Offset (mV)
�
RMS: 1.25   Mean: 0.15
�
Difference in Noise (mV)
�
RMS: 0.39   Mean: -0.02
�

Reproducibility of 25 Consecutive Runs on the RAL Tester

: µ¬.¼�º²¯:¶L¤³£��2§B¨v©gª¦«gdºÎ¯]¾vº²«%Âv¼v»]µ¬Ê�µpª¦µ¬®>ËBº²¯j±²¼vª¦®²±Tç[«gºn£gùd»q«.¨v±°¯j»]¼�®²µ � ¯:½�¯j©g±Î¼�º²¯j½�¯j¨r®²±2«.¨�®²ä�¯:Åê§
�ì®°¯j±°®°¯]º±°Ë%±°®°¯j½ë¤
«gçð®²ä�¯�½�¯j©g¨ìµ¦± � ¯]º²Ë!ª¬«I¸�¤ ï çð©gª¦ª�»Îäv©g¨�¨�¯jª¦±6®°¯j±°®°¯jÂ(«.¨(©gªpª�¸å©Èçl¯]ºM±¹©g¨�Â�®°¯j±°®²µp¨��±Îµ¬®°¯j±]íL«.¨vª¬Ë�«.¨�¯�±²µ¦¨�.ª¦¯»Îä�©g¨v¨�¯jªA¸¹©g±�µ¦¨�©(¶!ÅBû�Éæº²¯].µ¬«.¨�«gç�®²ä�¯õäv©gª¬ç�½�¯j©g¨�«gçÿ®²ä�¯�.©gµ¦¨�� : µ¬.¼�º²¯õ¶L¤³ù��M¤�Ìêä�¯�Â�µéè�¯]ºÎ¯j¨v»q¯�µ¦¨
®²ä�¯�½�¯j©g±²¼�ºÎ¯jÂ � ©gª¦¼�¯j±6«gçK.©gµ¦¨!Ê�¯]® ¸6¯]¯j¨ì®²äv¯ê«.ª¦ÂëÍåònÅBó ®°¯j±°®²µ¦¨�õ±°Ë%±°®°¯j½4©g¨vÂ�µ¦®²±6¨�¯]¸ »q«.¼v¨r®°¯]º:¾�©Èº²®²±
©Èº²¯�¾�ª¬«g®°®°¯jÂìµ¦¨ : µ¬.¼�º²¯j±:¶L¤À¿�©g¨vÂë¶L¤³ÐL¤nÌÆäv¯j±°¯ : µ¬.¼vº²¯j±¹¸6¯]º²¯	»qº²¯j©È®°¯jÂìÊLË�±²¼vÊv®°ºÎ©g»q®²µ¦¨��®²ä�¯d«.ª¦ÂæÍåònÅBó
Âv©È®²©!çlºÎ«.½Ç®²ä�¯õ¨�¯]¸�Â�©È®²©�ç[«gºB¯j©g»Mä�±°ËL±²®°¯j½÷ºÎ¯j±°¾y¯j»q®²µ � ¯jª¬Ëg¤ÆÌÆä�¯�.©gµ¦¨�çl«gºd¯j©g»Îä�»Îä�©g¨v¨�¯jªTµp±ê® Ër¾�µp»]©gª¦ª¬ËÊy¯]®>¸¹¯]¯j¨�ùÈú@n ÐÈúg½iKL�Iç Íd¤�Ìêä�¯�.©gµ¦¨æ»q«.½�¾�©ÈºMµ¦±°«.¨v±Æ±Îä�«�¸¹¯jÂæÂ�¯ � µ¦©È®²µ¬«.¨v±ê©Èº²«.¼v¨vÂæ¶�|(¤
~i�n�j�r�
: µ¬.¼�ºÎ¯u¶L¤ Ñ�µ¦±Æ©�±²»]©È®°®°¯]º²¾�ª¬«g®B«gç2®²ä�¯�®>ËL¾�µ¦»]©gªð«Èèy±°¯]®²±Bç[«gºÆ®²ä�¯�Íåò6Åêó�©g¨vÂë®²äv¯�«.ª¦Â�Íåò6Åêó ±°Ë%±°®°¯j½�±

ç[«gº�¸å©Èç[¯]ºì¥jùLínÊ�¼�®�±Îµ¦¨v»q¯(®²ä�¯!«ÈèK±°¯]® � ©gª¦¼�¯j±�©Èº²¯(½�¼v»MäQ½�«gº²¯ëÂ�¯]¾y¯j¨vÂv©g¨r®u«.¨�Wv®�îL¼v©gª¦µ¦®>Ë�®²äv©g¨Q®²ä�¯
.©gµ¦¨KíL»]©g¼v±²µ¦¨v�©�¸Bµ¦Â�¯]ºnÂvµp±°®°ºÎµ¬Ê�¼v®²µ¬«.¨Kí.µ¬®nµp±näv©ÈºÎÂ�®°«�±²¯]¯B©g¨rË�±°Ë%±°®°¯j½�©È®²µ¦»ê®°º²¯j¨vÂv±nçlº²«.½ ®²ävµ¦±n¾�ª¬«g®]¤ÿÌÆä�¯
®°º²¯j¨vÂ�±å«gç¢®²äv¯�»q«.½�¾�©ÈºÎµ¦±²«.¨æ»]©g¨ëÊy¯�±°¯]¯j¨æµ¦¨JW�.¼�º²¯j±ê¶L¤�}�©g¨�Âø¶L¤��L¤-� ä�¯j¨ë®²ä�¯j±°¯u¾�ª¬«g®²±Æ©Èº²¯�»q«.½�¾�©Èº²¯jÂ
®°«�®²ä�¯!© � ¯]ºÎ©Èg¯ë½�¯j©g±²¼�º²¯jÂ � ©gªp¼�¯j±�«gç:®²ä�¯!«Èèy±²¯]®�®²ä�¯]ºÎ¯!µ¦±�©øÂ�¯ � µ¦©È®²µ¬«.¨�Ê�¯]® ¸6¯]¯j¨Q®²ä�¯(¨�¯]¸ ©g¨�Â�«.ª¦Â
±°Ë%±°®°¯j½�±:«gçÿ©Èº²«.¼�¨vÂæ£Èú@n ¶Èúh|(¤

�ø���[�j�
§dª¦ª*®²ä�¯	¨�¯]¸ ®°¯j±°®°¯]ºÎ±Æäv© � ¯�ª¬¯j±²±å¨�«.µ¦±²¯B®²äv©g¨ì®²äv¯B«.ª¦ÂæÍåò6Åêó�®°¯j±°®°¯]º�� : µ¬.¼�º²¯�¶L¤¦¥g¥	©g¨vÂë¶L¤¦¥j£��Mív¯j±°¾y¯Qn»]µ¦©gª¦ª¦Ë�®²ä�¯BÅê§
��©g¨vÂ(ÉvÍ¹þ ·n·�®°¯j±²®°¯]º¹©Èº²¯B±²µ¬.¨vµxW*»]©g¨,®²ª¬ËõîL¼vµ¬¯]®°¯]ºj¤2§�±²»]©È®°®°¯]º²¾�ª¦«g®n«gçy®²ä�¯ê¨�«.µp±°¯Æç[«gºnÅê§
�

©g¨vÂø®²ä�¯u«.ª¦Â�ÍåònÅBó�±°ËL±²®°¯j½$µ¦±B±²ä�«�¸B¨øµ¦¨ : µ¬.¼vº²¯�¶L¤¦¥]ú%¤êÌÆäv¯u»q«.½�¾�©ÈºÎµp±°«.¨æ«gç�Âvµ¬è�¯]º²¯j¨�»q¯uµ¦¨æ¨�«.µp±°¯uµ¦±
±²ä�«I¸ê¨ëµ¦¨ : µ¬.¼�º²¯j±Æ¶L¤¦¥j¶�©g¨�Âì¶L¤¦¥q¿�¤¹ÌÆä�¯	Â�¯ � µ¦©È®²µ¬«.¨ìµ¦¨(®²ä�¯	¨�«.µ¦±²¯Bç[º²«.½#¨�¯]¸�®°¯j±°®°¯]ºê®°«�«.ª¦Â(®°¯j±°®°¯]ºê»]©g¨
� ©Èº²Ë�Âv¼�¯�®°«ø®²äv¯�¾vº²«gÊy¯�±°®²©È®²µ¬«.¨{µ¦¨ � «.ª � ¯jÂKíTÊ*¼�®	®²ävµ¦±�Âv¯ � µ¦©È®²µ¦«.¨�µ¦±�¨�¯ � ¯]º�gº²¯j©È®°¯]º�®²äv©g¨{£Èúh|(¤ìÌÆä�¯Íåò6Åêó�©g¨vÂë«.ª¦Â�ÍåònÅBó�®°¯j±²®°¯]ºd»q«.½�¾*©ÈºÎµ¦±°«.¨�±²ä�«�¸B±:®²äv©È®ê¸Bä�¯j¨æ¼v±²µp¨��®²ä�¯u±²©g½�¯u¾vº²«gÊy¯�±°®²©È®²µ¦«.¨æ®²ä�¯
¨�¯]¸×±°Ë%±°®°¯j½�µ¦±]íy«.¨�© � ¯]ºÎ©Èg¯gí¢îr¼�µ¬¯]®°¯]º�®²äv©g¨�®²ä�¯õ«.ª¦Â�±²ËL±°®°¯j½�ÊLË�¥]úh|(¤�Ì¢©ÈÊ�ª¬¯�¶L¤À¿æµ¦±d©ì±²¼v½�½�©ÈºÎËë«gç
©gª¦ªy«gç2®²ä�¯�Âv©È®²©�±²ä�«�¸B¨æµ¦¨ì®²ä�¯u©g¨�©gª¬«g�»q«.½�¾�©ÈºMµ¦±°«.¨ : µ¬.¼�º²¯j±j¤
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Legend
SCIPP
Old CERN
Avg SCIPP: 58.74(mv/fC)
Avg Old CERN: 57.88(mv/fC)

Gain of Chip 65 wafer 15
�
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Legend
Distribution of SCIPP - Old CERN
RMS: 1.72   Mean: 0.51 
Distribution of CERN - Old CERN
RMS: 2.00   Mean: 1.01 
Distribution of RAL - Old CERN
RMS: 2.04   Mean: 0.11 

Gain Difference of Wafer 15
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Legend
Distribution of SCIPP - Old CERN
RMS: 1.33   Mean: -0.00 
Distribution of CERN - Old CERN
RMS: 1.87   Mean: -0.28 
Distribution of RAL - Old CERN
RMS: 1.99   Mean: -0.06 

Gain Difference of Wafer 7
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Offset of Chip 40 Wafer 15 Legend
CERN
Old CERN
Avg CERN: 18.68[mv/fC]
©
Avg Old CERN: 12.91[mv/fC]

Offset of Chip 40 Wafer 15
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Legend
Distribution of SCIPP - Old CERN
RMS: 4.05   Mean: 2.36 
Distribution of CERN - Old CERN
RMS: 4.62   Mean: 2.60 
Distribution of RAL - Old CERN
RMS: 4.70   Mean: 5.54 

Offset Difference of Wafer 15
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Legend
Distribution of SCIPP - Old CERN
RMS: 3.69   Mean: 0.13 
Distribution of CERN - Old CERN
RMS: 5.28   Mean: 0.04 
Distribution of RAL - Old CERN
RMS: 4.63   Mean: 4.21 

Offset Difference of Wafer 7
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RAL
Old CERN
Avg RAL: 5.22(mV)
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Avg Old CERN: 7.18(mV)
©

Noise of Chip 126, Wafer 7
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Legend
Distribution of Old CERN Noise
RMS: 1.42   Mean: 7.66 
Distribution of SCIPP Noise
RMS: 0.82   Mean: 6.13 
Distribution of CERN Noise
RMS: 1.32   Mean: 7.57 
Distribution of RAL Noise
RMS: 0.76   Mean: 5.53 

Raw Noise of Wafer 15
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Legend
Distribution of Old CERN Noise
RMS: 1.45   Mean: 7.43 
Distribution of SCIPP Noise
RMS: 0.85   Mean: 6.00 
Distribution of CERN Noise
RMS: 1.46   Mean: 7.23 
Distribution of RAL Noise
RMS: 0.87   Mean: 5.33 

Raw Noise of Wafer 7

: µ¬.¼�º²¯u¶L¤¦¥j£��¹óê«.µ¦±²¯	«gç¢¯j©g»Mäæ®°¯j±°®°¯]ºdç[«gºU�Wú,Ñr¤



�LÞ Ä �r�� ¢�l���

Noise Difference(mV)
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Legend
Distribution of SCIPP - Old CERN
RMS: 1.07   Mean: -1.52 
Distribution of CERN - Old CERN
RMS: 0.78   Mean: -0.09 
Distribution of RAL - Old CERN
RMS: 1.06   Mean: -2.12 

Noise Difference of Wafer 15
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Legend
Distribution of SCIPP - Old CERN
RMS: 1.10   Mean: -1.43 
Distribution of CERN - Old CERN
RMS: 0.87   Mean: -0.18 
Distribution of RAL - Old CERN
RMS: 1.08   Mean: -2.10 

Noise Difference of Wafer 7

: µ¬.¼�º²¯u¶L¤¦¥q¿X�¹´dµ¬è�¯]º²¯j¨�»q¯uµ¦¨ë¨�«.µ¦±²¯	çl«gºU� ú,Ñr¤
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Æ�® ÈÉ¬�ÁÃ· Æ#® ÈÉ¬�ÁÃ· Æ#®�Ê�Â^²´¯�³ Æ#®EÊ�ÂX²(¯P³ Æ#®�Ë-Æ8ÁÇ²´¯ Æ#®�Ë-Æ8ÁÇ²´¯ Ë-Æ8ÁÇ²´¯
Ì ¿ÎÍÉÏS®ÑÐ&Ò Ì ¿ÎÍÉÏQ®ÑÐ&Ò Ì ¿ÎÍÉÒ Ì ¿ÎÍÉÒ Ì ¿ÎÍÓÒ Ì ¿ÎÍÉÒ Ì ¿ÎÍÓÒ

Ô^Õ@Ö�×8Ö�Ö Ð�ØÚÙ-Ë Û8Ü ÝhÛ ×5Ü Ý�Ý Ì Õ�Ü Õ@Þ
Ò ×5Ü ß�Ý àhÜ ß8× Ì Õ8Ý@Þ
Ò ádÝhÜ Ý8â Ý�ÜãÖIä Ì ÛSÝ@Þ
Ò Ö�Üæå8Ö
«�ÛSå ¸hÐÚç0èÚè ÝhÜ å�Û Û�ÜãÖ#× Ì Õ�Ü Ý@Þ
Ò ×5Ü Õ�ß àhÜ Ý8å Ì ×@Ö�Þ
Ò á¹Û8Ü å8× Û�Ü Ý@Ö Ì ÛIÖ�Þ
Ò ß�ÜÇÛwÕ

Ù-»�é ÝhÜÃÛ8Û ×5Ü Ý#à Ì Õ�Üæå8Þ
Ò å5ÜæåIà àhÜãÖIÝ Ì ×�ß@Þ
Ò áF×�ÜÃÛQ× Û�Ü Ý�ß Ì ÛSâ@Þ
Ò å5Üæå#Õ
Ê�êÅº"Ð�ØÚÙ-Ë Ö�Ü ß�ß
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Ò Ý�Ü Ý#à å5Üæ×#ä Ì Õ@å8Þ
Ò ádÝhÜÃÛSä Ý�Ü ä@Ö Ì Û8ÛQÞ
Ò Ö�Üæ×#Õ
«ëÖ ¸hÐÚç0èÚè ÝhÜ Ý8Ý Û�Ü Õ�Õ Ì ×5Ü Õ@Þ
Ò Ý�ÜÇÛwÕ Õ�Ü ß�â Ì ×#à�Þ
Ò á¹Û8Ü à@Õ Û�ÜÇÛwÝ Ì ÛIÖ�Þ
Ò ß�Ü Ý�Ý

Ù-»�é áFÝ�Ü Ý�ß Û�Ü â�â Ì Õ�Ü à�Þ
Ò àhÜ ß�Õ àhÜæ×5Û Ì ×�ÛQÞ
Ò áF×�ÜÃÛSÝ Û�Ü Ý�ä Ì ÛSâ@Þ
Ò å5Ü Õ�Õ
Ê�êÅº"Ð�ØÚÙ-Ë Ö�Üæ×#Õ

ÌA©ÈÊ�ª¦¯B¶L¤À¿X�6É%¼v½�½�©Èº²Ë�«gçy®²ä�¯B©g¨v©gª¬«g�»q«.½�¾�©ÈºÎµ¦±°«.¨ð¤¢þ ¨�©gª¦ª�»]©g±°¯j±¹®²ä�¯Æ«gºÎµ¬.µp¨v©gª*Íåò6ÅêóWÂv©È®²©u±°¯]®²±6¸¹¯]º²¯
±²¼�Êv®°ºÎ©g»q®°¯jÂæçlº²«.½Ç®²ä�¯u¨�¯]¸�Â�©È®²©�±°¯]®²±



�%� Ä �r�� ¢�l���

Chip [#]
ì0

í
50
î

100 150 200 250

m
in

 V
d

d
 [

V
]

-0.5

0
í0.5
í 1

1.5

2
ï2.5
ï 3
ð3.5
ð 4
ñ4.5
ñ

W15
ò

SCIPP
ó
CERN
ô

min Vdd TV 0

Chip [#]
ì0

í
50
î

100 150 200
ï

250
ï

m
in

 V
d

d
 [

V
]

-0.5

0
í0.5
í 1

1.5

2

2.5
ï 3
ð3.5
ð 4

4.5

W15
SCIPP
ó
CERN
ô

min Vdd TV 0õ

: µ¬.¼�º²¯�¶L¤¦¥jù��õûøµp¨vµ¦½�¼v½öMON�N�çl«gºuÌUK úæ±Î»]©È®°®°¯]º²¾�ª¬«g®�ç[«gº�®²ä�¯!Í:ònÅêó ©g¨vÂ{É�Í¹þ0·6·�®°¯j±°®°¯]º�«gç���©Èç[¯]º
¥jùL¤åÉ%¯]¯�ÌA©ÈÊ�ª¦¯u¶L¤³ù�ç[«gºÆ®²ä�¯	º²¯j±²¼�ª¬®²±å¾vºÎµ¦¨r®°¯jÂK¤
Y&%A$ BDC(1ECF25,�.UsR476�_�.02�6
ÌÆä�¯¹»q«.½�¾�©ÈºÎµp±°«.¨u«gç�®²ä�¯¹Â�µ¬.µ¬®²©gª,ÌUK�çl«gº2®²ä�¯å¨�¯]¸Q®°¯j±°®°¯]ºÎ±2©Ègº²¯]¯ � ¯]º²Ë�¸¹¯jª¦ª � : µ¦.¼�º²¯¹¶L¤¦¥jù��M¤ ï ¨vª¬Ë�ÌGK�¿±²ä�«I¸ê±¹Âvµéèy¯]º²¯j¨v»q¯j±�ç[º²«.½#ÉvÍ¹þ ·n·�®°«�®²ä�¯B«g®²ä�¯]ºå¨�¯]¸ ®°¯j±²®¹±²µ¦®°¯j±
� : µ¬.¼�ºÎ¯B¶L¤¦¥jÐ��M¤6ÌÆäv¯j±°¯BÂvµ¬è�¯]º²¯j¨�»q¯j±n©Èº²¯
Âv¼�¯B®°«õ®²ä�¯Bç7©g»q®å®²äv©È®:ÌGK ¿õµ¦±¹±°¯j¨v±²µ¬®²µ � ¯B®°«õ¨�«.µ¦±°¯�µ¦¨�®²ä�¯	©g¨v©gª¬«g.¼�¯d¾�©Èº²®¹«gçð®²ä�¯�»Îävµ¦¾ð¤2þ0½�¾�º²« � ¯j½�¯j¨r®äv©g±�©gª¬º²¯j©gÂvËæÊy¯]¯j¨�©g»Mävµ¬¯ � ¯jÂ�©g¨vÂ�±°«.½�¯�½�«gºÎ¯�¸¹«gº²ôæ®°«ìº²¯jÂ�¼v»q¯�®²ä�µ¦±�±°¯j¨v±²µ¬®²µ � µ¬® Ëë¸êµ¦ª¦ªð¯jª¦µ¦½�µ¦¨�©È®°¯u®²ä�¯¾vº²«gÊ*ª¬¯j½ë¤AÌêä�¯nº²¯j±²®T«gçv®²ä�¯¹gºÎ©È¾�ä�±T»q«.½�¾�©ÈºMµ¦¨�ê®²äv¯¹¨�¯]¸ ±²µ¬®°¯j±¢ª¬«L«gô	®²ä�¯å±²©g½�¯gí.äv© � µ¦¨v � ¯]º²Ëu±Î©È®²µ¦±°ç[ËLµ¦¨vº²¯j±²¼�ª¬®²±]í�©g¨vÂë¸êµpª¦ª�Ê�¯	«.½�µ¬®°®°¯jÂK¤
ÌÆä�¯(»q«.½�¾�©ÈºÎµp±°«.¨�Êy¯]® ¸6¯]¯j¨Q®²ä�¯!«.ª¦Â Í:ònÅêó#©g¨�Â�®²ä�¯ì¨�¯]¸ ®°¯j±°®°¯]ºÎ±õç[«gº�®²ä�¯ì»q«.¨XWv.¼vºÎ©È®²µ¬«.¨�ºÎ¯].µ¦±°®°¯]º
®°¯j±°®]í2¸êävµp»Îä�»q«gºÎº²¯j±°¾y«.¨vÂv±	ºÎ«.¼�.ävª¬Ë�®°«�ÌUKÇúøµ¦±�±²ä�«�¸B¨�µ¦¨ : µ¬.¼vº²¯!¶L¤¦¥�Ñr¤÷qd¨�ç[«gº²®²¼v¨v©È®°¯jª¦Ë�¨v«g®u¯ � ¯j¨®²ävµ¦±¹ÌGK�µp±n¯qö�©g»q®²ª¬Ë�®²äv¯�±Î©g½�¯B«.¨(®²ä�¯�«.ª¦Â(©g¨vÂ!®²ä�¯	¨�¯]¸�±°Ë%±°®°¯j½ëí%¸êävµ¦»Mä�¯qö%¾�ª¦©gµ¦¨�±n®²ä�¯�Âvµéèy¯]º²¯j¨v»q¯j±åµ¦¨
º²¯j±²¼�ª¬®²±]¤
ÌÆä�¯�»q«.½�Ê�µ¦¨�©È®²µ¬«.¨ë«gç2©gª¦ªKÌGK .µ � ¯j±Æ®²ä�¯�Âvµ¬.µ¬®²©gªyË%µ¬¯jª¦ÂK¤ÿÌÆäv¯	º²¯j±²¼vª¬®²±:»]©g¨æÊ�¯	ç[«.¼v¨vÂëµp¨ëÌA©ÈÊ�ª¦¯u¶L¤¦¥jÐL¤



� �lÛ��l����� Ä �L�� ¢�l��� �rÃ

û�µ¦¨øM7N�Nu©È®ê¿.ú.ûøüBý
Íåävµ¦¾ìóBºj¤ ÍåònÅBó ÉvÍ¹þ ·n· ´dµ¬è¢¤
ù5} ¶L¤³¶ ú ¶L¤³¶
¥�ÑÈ£ ¶L¤³¶ ¶L¤�� ú%¤³Ð

Íåävµ¬¾*±6ç7©gµ¦ª¬¯jÂ ¥jù ¥jù £
û�µ¦¨øM7N�Nu©È®dùÈú.ûøüBý

Íåävµ¦¾ìóBºj¤ ÍåònÅBó ÉvÍ¹þ ·n· ´dµ¬è¢¤
ù5} ¶L¤³¶ ú ¶L¤³¶
¥�ÑÈ£ ¶L¤³¶ ¶L¤�� ú%¤³Ð

Í:ävµ¬¾�±¹¾�©g±²±²¯jÂ ¥jù ¥jù £

ÌA©ÈÊ�ª¦¯�¶L¤³ù��G�Tµ¦±²®ê«gç�©gª¦ªð»Mävµ¬¾�±Bäv© � µ¦¨�(©�Âvµ¬è�¯]º²¯j¨�»q¯uµ¦¨ø½�µ¦¨vµ¦½�¼v½ùM7N�Nuç[«gºBÌUK|ú(Íåò6Åêóún:É�Í¹þ0·6· «gç
��©Èçl¯]º�¥jùL¤�Ìêä�¯�®°¯j±²®²±�©È®uÍåònÅBó×¸6¯]ºÎ¯õÂv«.¨�¯�Êy¯]ç[«gº²¯�®²ä�¯õ®°¯j±°®²±	©È®uÉvÍ¹þ ·n·¢¤�ñ¹Ë�®²ä�¯�®²µp½�¯õ®²ä�¯�¸å©Èç[¯]º
©Èº²ºÎµ � ¯jÂ�©È®�ÉvÍåþ0·6·AíK»Mävµ¬¾�ù5}(¸å©g±�Â�¯j©gÂK¤õÌÆävµ¦±�©Ègº²¯]¯j±u¸êµ¬®²ä�ç[«.ª¦ª¬«�¸Bµ¦¨�(®°¯j±°®²µ¦¨�æ©È®�ÅB§	�n¤ðÌÆä�¯]º²¯]ç[«gº²¯»Îävµ¬¾�ù5}�¨�«�¸�.µ � ¯j±ê¨�«�ºÎ¯j±²¼vª¬®]ívµ ¤À¯g¤�ú%¤

Chip [#]0
í

50
î

100 150 200
ï

250
ï

m
in

 V
d

d
 [

V
]

-0.5

0
í0.5
í 1

1.5

2

2.5

3
ð3.5
ð 4
ñ4.5

W15
ò

SCIPP
ó
CERN
ô

min Vdd TV 4

Chip [#]0
í

50
î

100 150 200 250

m
in

 V
d

d
 [

V
]

-0.5

0
í0.5
í 1

1.5

2
ï2.5

3
ð3.5
ð 4
ñ4.5
ñ

W15
ò

SCIPP
ó
CERN
ô

min Vdd TV 4

: µ¦.¼�º²¯�¶L¤¦¥jÐ��	û�µ¦¨vµp½�¼v½ûM7N�Nõ±²»]©È®°®°¯]º²¾�ª¬«g®	ç[«gº�µ¦½�¾�º²« � ¯jÂ�ÌGK|¿ìç[«gº	®²ä�¯�ÍåònÅBó|©g¨vÂ�ÉvÍ¹þ ·n· ®°¯j±²®°¯]º
«gç���©Èç[¯]º�¥jùL¤:ÉL¯]¯�Ì¢©ÈÊ�ª¬¯u¶L¤³Ð�ç[«gºÆ®²ä�¯	ºÎ¯j±²¼vª¬®²±:¾�ºÎµ¦¨r®°¯jÂK¤



�rÒ Ä �r�� ¢�l���

ûøµp¨øMON�Nu©È®ê¿.ú.û�üêý
óêºj¤ ÉvÍ¹þ ·n· Í:ònÅêó ´�µéè2¤
¥q¿ ¶L¤³¶ ¶L¤À¿ n>ú%¤¦¥
¿,¶ ¶L¤³¶ ¶L¤À¿ n>ú%¤¦¥
¥g¥g¥ ¿�¤¦¥ ¶L¤³¶ ú%¤�}
¥jùgÐ ¶L¤À¿ ¶L¤³¶ ú%¤¦¥
¥jù5� ¿�¤¦¥ ¶L¤³¶ ú%¤�}
£g¶5} ¶L¤³ù ¶L¤³¶ ú%¤³£
£O¿g¿ ¶L¤³¶ ¿�¤¦¥ n>ú%¤�}

ûøµp¨øMON�Nu©È®dùÈú.û�üêý
óêºj¤ ÉvÍ¹þ ·n· Í:ònÅêó ´�µéè2¤
¥g¥g¥ ¿�¤¦¥ ¶L¤³¶ ú%¤�}
¥jù5� ¿�¤¦¥ ¶L¤³¶ ú%¤�}
¥�ÑgÑ ¶L¤À¿ ¶L¤³¶ ú%¤¦¥
¥#}gù ¶L¤³¶ ¶L¤À¿ n>ú%¤¦¥
£g¶5} ¶L¤³ù ¶L¤³¶ ú%¤³£
£O¿g¿ ¶L¤³¶ ¿�¤¦¥ n>ú%¤�}
£O¿h� ¶L¤À¿ ¶L¤³ù n>ú%¤¦¥
£gùO¿ ¶L¤À¿ ¶L¤³¶ ú%¤¦¥

Ì¢©ÈÊ�ª¬¯�¶L¤³Ð��G�Aµ¦±°®Æ«gçn©gªpªð»Îävµ¦¾�±êäv© � µp¨�!©!Âvµéèy¯]º²¯j¨v»q¯uµ¦¨�½�µ¦¨vµp½�¼v½ùM7N�Nuçl«gº�ÌGK×¿ìÍ:ònÅêóúnÆÉvÍ¹þ ·n· «gç
��©Èç[¯]º�¥jùL¤

Chip [#]
ì0

í
50
î

100 150 200 250

m
V

d
d

 [
V

]

-0.5

0
í0.5
í 1

1.5

2
ï2.5
ï 3
ð3.5
ð 4
ñ4.5
ñ

Wafer 07
ü

old CERNý
SCIPP
þ

mVddCnfIO 40

Chip [#]
ì0

í
50
î

100 150 200
ï

250
ï

m
V

d
d

 [
V

]

-0.5

0
í0.5
í 1

1.5

2

2.5
ï 3
ð3.5
ð 4

4.5

Wafer 07
ü

old CERNý
SCIPP
þ

mVddCnfIO 50õ

: µ¬.¼�º²¯u¶L¤¦¥�Ñ��:û�µ¦¨vµ¦½�¼v½ÿMONPN	çl«gº	Íå¨�ç[þ ï ���×ÌGK úh�Æ±²»]©È®°®°¯]º²¾�ª¦«g®Æçl«gºê«.ª¦Â�Íåò6Åêó ©g¨vÂ�ÉvÍ¹þ ·n· ®°¯j±°®°¯]º
«gç&��©Èçl¯]ºdú,Ñr¤åÉL¯]¯�Ì¢©ÈÊ�ª¬¯u¶L¤ Ñ�çl«gºê®²ä�¯	º²¯j±²¼vª¦®²±å¾vºÎµ¦¨r®°¯jÂK¤



� �lÛ��l����� Ä �L�� ¢�l��� �LÔ

û�µ¦¨øM7N�Nu©È®ê¿.ú.ûøüBý
Íåävµ¬¾æóBºj¤ «.ª¦ÂøÍåònÅBó É�Í¹þ0·6· ´�µéè¢¤

¶ ¶L¤³¶ ú ¶L¤³¶
ù.Ñ ú ¶L¤³¶ n ¶L¤³¶
Ñ�� ¶L¤³ù ¶L¤³¶ ú%¤³£
�Èú ¶L¤³¶ ú ¶L¤³¶
¥]úgú ¶L¤À¿ ¶L¤³¶ ú%¤¦¥
¥]ú�} ú ¶L¤³¶ n ¶L¤³¶
¥j¶g¶ ¶L¤³ù ¶L¤³¶ ú%¤³£
¥j¶gÐ ¶L¤À¿ ¶L¤³¶ ú%¤¦¥
¥j¶.Ñ ¶L¤À¿ ¶L¤³¶ ú%¤¦¥
¥j¶5� ¶L¤³ù ¶L¤³¶ ú%¤³£
¥jÐÈú ¶L¤³¶ ú ¶L¤³¶
¥jÐO¿ ¶L¤³¶ ú ¶L¤³¶
¥jÐ5� ¿ ¶L¤³¶ ú%¤ Ñ
¥�ÑL¥ ¶L¤³¶ ¿ n>ú%¤ Ñ
¥#�5} ¶L¤À¿ ¶L¤³¶ ú%¤¦¥

Íåävµ¬¾*±6ç7©gµ¦ª¬¯jÂ ¥j£ ¥q¿ Ð
û�µ¦¨øM7N�Nu©È®dùÈú.ûøüBý

Íåävµ¬¾æóBºj¤ «.ª¦ÂøÍåònÅBó É�Í¹þ0·6· ´�µéè¢¤
¶ ¶L¤³¶ ú ¶L¤³¶
ù.Ñ ú ¶L¤³¶ n ¶L¤³¶
�Èú ¶L¤³¶ ú ¶L¤³¶
¥]ú�} ¶L¤�� ¶L¤³¶ ú%¤³Ð
¥jÐÈú ¶L¤³¶ ú ¶L¤³¶
¥jÐO¿ ¶L¤³¶ ú ¶L¤³¶
¥jÐ5� ¶L¤À¿ ¶L¤�� n>ú%¤³ù%¥
¥�ÑL¥ ¶L¤³¶ ¿ n>ú%¤ Ñ

Í:ävµ¬¾�±¹¾�©g±²±²¯jÂ ¥g¥ ¥q¿ ù

ÌA©ÈÊ�ª¦¯:¶L¤ Ñ����Aµ¦±°®2«gç*©gª¦ª%»Mävµ¬¾�±ÿäv© � µp¨�	©dÂ�µéè�¯]ºÎ¯j¨v»q¯:µ¦¨õ½�µ¦¨vµ¦½�¼v½ MONPNåçl«gº6Íå¨vçlþ ï ���WÌGK úh�A«.ª¦Â�Í:ònÅêó
nåÉvÍ¹þ ·n·�ç[«gºU��©Èç[¯]ºBú,Ñr¤



�LÙ Ä �r�� ¢�l���

Chip [#]
ì0 50 100 150 200 250

C
u

rr
en

t 
[m

A
]

0

20

40

60

80

100

120

140

160

180

200 Wafer 07
�

OLD CERN
�
SCIPP
�MasterDigC

Chip [#]
ì0 50 100 150 200 250

C
u

rr
en

t 
[m

A
]

0

20

40

60

80

100

120

140

160

180

200 Wafer 07
OLD CERN
�
SCIPP
�SlaveDigC

ó

: µ¬.¼�º²¯�¶L¤¦¥#}���cIN�N�±²»]©È®°®°¯]º²¾*ª¬«g®:©g±¹½�©g±°®°¯]ºå«gºå±Îª¦© � ¯�ç[«gº¹«.ªpÂìÍåò6Åêó�©g¨vÂëÉvÍ¹þ ·n·Q®°¯j±°®°¯]º:«gçE��©Èçl¯]ºÆú,Ñr¤
Y&%AY Z"/7[J4O\��</E*�6@_�` a-2�C0/E*
ÌÆä�¯:©g¨v©gª¦«g<�dcIe0e��¢©g¨vÂ�Âvµ¬.µ¦®²©gª��dcIN�N8�¢»]¼�º²ºÎ¯j¨,®2«gç�¯j©g»Îä�»Mävµ¬¾�µ¦±ÿ½�¯j©g±²¼�º²¯jÂKí,¸êävµ¦ª¬¯¹®²ä�¯Æ©g¨v©gª¦«g�ª¦µ¦¨�¯åµ¦±ÿ±°¯]®
®°«MOe0eÉf ¶�g³ù�M#©g¨vÂø®²ä�¯�Â�µ¬.µ¬®²©gªðª¦µp¨�¯�®°«MON�NLf�¿Xg úhM�¤ê´�¼�ºÎµ¦¨v�®²ävµ¦±ê®°¯j±°®B®²äv¯�»Îä�µ¬¾�ºÎ¯j»q¯jµ � ¯j±ê®°ºMµ¬gg¯]ºÎ±©È®ê©�ºM©È®°¯�«gç:¥]úgúÈôLüBýu¸êµ¦®²äë©g¨ë«L»]»]¼v¾�©g¨v»qËì«gç2¶�|ì¤ : «gºBÂv¯]®²©gµ¦ª¦±:±°¯]¯<; ñåµ¦©gú�¥#= ¤
§ ±Î»]©È®°®°¯]º²¾�ª¬«g®2«gç�®²äv¯å»]¼vº²º²¯j¨r®2µp±A±²äv«�¸ê¨�ç[«gº���©Èçl¯]ºnú,Ñê«.¨õ®²ä�¯¹«.ª¦Â�Íåò6Åêó ©g¨�Â�É�Í¹þ0·6·�®°¯j±°®°¯]ºª� : µ¬.¼�º²¯
¶L¤¦¥#}�©g¨�Âø¶L¤³£.Ñ5�:©g¨vÂæ®²ä�¯	«.ª¦Â�Íåò6Åêó ©g¨vÂæÅB§	��®°¯j±°®°¯]º � : µ¬.¼�ºÎ¯u¶L¤¦¥#��©g¨vÂø¶L¤³£gÐ��M¤
üdµ¦±°®°«ggºÎ©g½�±u«gç:®²ä�¯�»]¼�ºÎº²¯j¨,®²±�©Èº²¯!±Îä�«�¸ê¨�çl«gº�©gª¦ª���©Èç[¯]ºÎ±�©g¨vÂ�ÌA¯j±°®²µ¦¨��±²µ¬®°¯j±<� : µ¬.¼vº²¯!¶L¤³£Èú�®°«�¶L¤³£%¥
©g¨vÂø¶L¤³£5}�®°«!¶L¤³£5���Æ©g¨�Âì®²ä�¯�º²¯j±²¼�ª¬®²±:©Èº²¯�ª¦µ¦±²®°¯jÂëµ¦¨ : µ¬.¼�º²¯u¶L¤�}�©g¨�Âø¶L¤��Lí�º²¯j±²¾�¯j»q®²µ � ¯jª¬Ë(¶L¤¦¥j£�©g¨vÂø¶L¤¦¥j¶L¤´�µéèy¯]º²¯j¨v»q¯j±Æ«gç2®²ä�¯�»]¼�º²º²¯j¨r®²±ê©Èº²¯�±²ä�«�¸B¨æµ¦¨ : µ¬.¼�ºÎ¯u¶L¤³£g£�®°«!¶L¤³£gù!©g¨vÂø¶L¤³¶Èú�®°«(¶L¤³¶g¶�©g¨vÂæ®²ä�¯uº²¯j±²¼vª¬®²±
©Èº²¯uªpµ¦±°®°¯jÂëµ¦¨ : µ¬.¼�ºÎ¯u¶L¤¦¥]ú�©g¨vÂæ¶L¤¦¥g¥Èí*º²¯j±°¾ð¤6¶L¤¦¥q¿!©g¨vÂø¶L¤¦¥jùL¤
: «gºd®²ä�¯u´�µ¬.µ¬®²©gªT»]¼�º²º²¯j¨r®]í�®²ä�¯u«.ª¦Â�Íåò6Åêó�í�ÍåònÅBó�©g¨vÂ�ÉvÍ¹þ ·n· ®°¯j±°®°¯]º�±²ä�«�¸ ©�g«L«LÂ�©Ègº²¯]¯j½�¯j¨r®dµ¦¨
±²ª¦© � ¯�©g¨vÂ�½�©g±°®°¯]º�½�«%Â�¯õ«gçn®²äv¯õ»Mävµ¬¾ð¤�ÌÆä�¯õÅê§
��®°¯j±°®°¯]ºuäv©g±	©ì±°Ë%±°®°¯j½�©È®²µp»�±²ävµ¬ç[®ê®°«æävµ¦.ä�¯]º~cIN�N�«gç©ÈÊy«.¼�®�¥]úh|4ç[«gºê©gª¦ªKÂ�µ¬.µ¬®²©gªK½�¯j©g±²¼vº²¯j½�¯j¨r®²±]¤
: «gº!®²ä�¯æ©g¨v©gª¬«g�»]¼�ºÎº²¯j¨,®]í¹®²ä�¯ë«.ª¦Â Í:ònÅêó�í6Íåò6Åêó$©g¨�Â Åê§
��®°¯j±°®°¯]º(©Ègº²¯]¯�¨vµp»q¯jª¬Ëg¤QÌêä�¯�ÉvÍ¹þ ·n·
®°¯j±°®°¯]ºd±²ä�«�¸B±Æ±²½�©gª¦ª¦¯]ºUcIe0eåçl«gºê®²ä�¯u»Îä�µ¬¾�±:µ¦¨ë½�©g±²®°¯]ºB©g¨vÂë±²ªp© � ¯�½�«LÂ�¯	«gç2©ÈÊy«.¼�®�¥]úh|(¤ÌÆävµp±¹Â�µ¦±²»qº²¯]¾�©g¨�»qË(µ¦¨�cINPNÈívº²¯j±°¾y¯j»q®²µ � ¯jª¬ËcIe0eqívµ¦±:½�«.±²®êª¦µ¬ôg¯jª¬Ë(Âv¼�¯	®°«�©g¨øµ¦¨v»q«gº²º²¯j»q®Æ»]©gªpµ¬ÊvºÎ©È®²µ¬«.¨ì«gç¢®²ä�¯®°¯j±°®°¯]º:§d´	Í ¸êä�µ¦»Îä�¸êµ¦ª¦ª�Êy¯d»q«gº²º²¯j»q®°¯jÂKí�Ê�¼v®näv©g±å¨�«�µp½�¾�©g»q®n«.¨(®²ä�¯d½�¯j©g±²¼�ºÎ¯jÂ�Ë%µ¬¯jª¦Â �7»q«.½�¾�©Èº²¯�¶L¤À¿��Mí
Êy¯j»]©g¼v±°¯�®²ä�¯�º²¯jîr¼�µ¬º²¯j½�¯j¨r®êç[«gº�¾�©g±²±²µ¦¨v�¾�©Èº²®²±dµ¦±d©ì»]¼�®B«gç�cIN�N�dc e(e �Æµ¦¨�»q«.½�¾�©ÈºMµ¦±°«.¨�®°«(®²äv¯�© � ¯]ºÎ©Èg¯Âvµ¬.µ¦®²©gª-�7©g¨v©gª¬«g��å»]¼�ºÎº²¯j¨,®ê«gç¢©�¸å©Èç[¯]ºjív¸êävµp»Îäìº²¯j»q¯jµ � ¯j±ê®²ä�¯u±²©g½�¯�±°ËL±²®°¯j½�©È®²µ¦»�±²ä�µ¬çl®]¤



� �	�õ�r�ø}��*�A�� ����A�I�[�*� � Ü

Chip [#]0 50 100 150 200 250

C
u

rr
en

t 
[m

A
]

0

20

40

60

80

100

120

140

160

180

200 Wafer 07
OLD CERN
�
RAL

MasterDigC

Chip [#]
0 50 100 150 200 250

C
u

rr
en

t 
[m

A
]

0

20

40

60

80

100

120

140

160

180

200 Wafer 07
OLD CERN
�
RAL

SlaveDigC

: µ¬.¼�º²¯u¶L¤¦¥#���ÓcIN�N�±²»]©È®°®°¯]º²¾*ª¬«g®ê©g±ê½�©g±°®°¯]ºê«gºê±Îª¦© � ¯�ç[«gºÆ«.ª¦Â�ÍåònÅBó�©g¨vÂøÅê§
��®°¯j±°®°¯]ºB«gç���©Èç[¯]ºBú,Ñr¤

I[mA]0 10 20 30 40 50 60 70 80

E
n

tr
ie

s

0

20

40

60

80

100

W07
 old Cern 
Mean: 54.40 RMS: 6.95
 CERN 
Mean: 56.38 RMS: 10.37
 RAL 
Mean: 61.93 RMS: 15.64
�
 SCIPP 
Mean: 54.88 RMS: 13.38
�

W07
 old Cern 
Mean: 54.40 RMS: 6.95
 CERN 
Mean: 56.38 RMS: 10.37
 RAL 
Mean: 61.93 RMS: 15.64
�
 SCIPP 
Mean: 54.88 RMS: 13.38
�

W07
 old Cern 
Mean: 54.40 RMS: 6.95
 CERN 
Mean: 56.38 RMS: 10.37
 RAL 
Mean: 61.93 RMS: 15.64
�
 SCIPP 
Mean: 54.88 RMS: 13.38
�

MasterDigC 

I[mA]0 10 20 30 40 50 60 70 80

E
n

tr
ie

s

0
20
40
60
80

100
120
140
160
180

W07
 old Cern 
Mean: 36.58 RMS: 6.43
 CERN 
Mean: 39.98 RMS: 4.54
 RAL 
Mean: 44.74 RMS: 12.55
 SCIPP 
Mean: 37.69 RMS: 9.95

W07
 old Cern 
Mean: 36.58 RMS: 6.43
 CERN 
Mean: 39.98 RMS: 4.54
 RAL 
Mean: 44.74 RMS: 12.55
 SCIPP 
Mean: 37.69 RMS: 9.95

W07
 old Cern 
Mean: 36.58 RMS: 6.43
 CERN 
Mean: 39.98 RMS: 4.54
 RAL 
Mean: 44.74 RMS: 12.55
 SCIPP 
Mean: 37.69 RMS: 9.95

SlaveDigC 
�

 µ����������	������� �dµ�!#"#$%�%�'&%()$%*,+.-�-/&%!0!21�&43%�/$%�5(6&%!#"#�.�0*7$%�0&%1�18"#�4!�"#�.�2!0$�9;:<&�*=�.�>�@?A�



B	C DFEAGIHKJ=LIG

I[mA]0 10 20 30 40 50 60 70 80

E
n

tr
ie

s

0

20

40

60

80

100

W15
M

 old Cern 
Mean: 54.19 RMS: 4.91
N
 CERN 
Mean: 56.89 RMS: 9.92
N
 RAL 
Mean: 63.17 RMS: 13.11
N
 SCIPP 
Mean: 55.74 RMS: 12.13
N

W15
M

 old Cern 
Mean: 54.19 RMS: 4.91
N
 CERN 
Mean: 56.89 RMS: 9.92
N
 RAL 
Mean: 63.17 RMS: 13.11
N
 SCIPP 
Mean: 55.74 RMS: 12.13
N

W15
M

 old Cern 
Mean: 54.19 RMS: 4.91
N
 CERN 
Mean: 56.89 RMS: 9.92
N
 RAL 
Mean: 63.17 RMS: 13.11
N
 SCIPP 
Mean: 55.74 RMS: 12.13
N

MasterDigC 

I[mA]0 10 20 30 40 50 60 70 80

E
n

tr
ie

s

0
20
40
60
80

100
120
140
160
180
200

W15
M

 old Cern 
Mean: 35.41 RMS: 4.08
N
 CERN 
Mean: 39.60 RMS: 3.62
N
 RAL 
Mean: 44.88 RMS: 9.34
 SCIPP 
Mean: 37.29 RMS: 8.34
N

W15
M

 old Cern 
Mean: 35.41 RMS: 4.08
N
 CERN 
Mean: 39.60 RMS: 3.62
N
 RAL 
Mean: 44.88 RMS: 9.34
 SCIPP 
Mean: 37.29 RMS: 8.34
N

W15
M

 old Cern 
Mean: 35.41 RMS: 4.08
N
 CERN 
Mean: 39.60 RMS: 3.62
N
 RAL 
Mean: 44.88 RMS: 9.34
 SCIPP 
Mean: 37.29 RMS: 8.34
N

SlaveDigC 
O

 µP���������	����Q��R�BµS!#"#$%�%�2&%(T$%*U+.-�-/&%!5!�1�&I3%�/$%�0(6&%!#"#�.�5*=$%�5&%1�18"#�4!#"#�.�2!5$�9V:<&�*7�.�WQ4X	�

Y &%!#"#�.�B´�µP�.µ�"�&%1[Z\�����2�49@"]+.^�^/_ (6`0a
:<&�*7�.�>�@? :<&�*7�.�bQ4X

Y �4&%9 c Yed Y �4&%9 c Yed
$�1�fgZ\hic5j Xlk��mk�� n	��o%X Xlk���Q4o k���o�Q
Z\hic5j X%n	���%p Q.������? X%n	��p%o o	��o%�
c0`>q n�?A��o%� Q4X	��nlk n%�	��QI? Q4�	��Q%Q
d ZRrtsis Xlk���p%p Q4�	���%p X%X	�u?vk Q4�	��Q4�

w[&�xy1P���	��p	� +.-�-�z�9V(6&%!#"#�.�0(6$	f��%�

d 1�&43%��{|zP��z�"�&%1}Z\�������49A"~+.^�^�_ (6`0a
:<&�*7�.�5�@? :<&�*7�.�bQ4X

Y �4&%9 c Y�d Y �4&%9 c Yed
$�1�fgZ]hic0j �%n	��X%p n	�mk@� �%X	�mk�Q k�����p
Z\h c0j �%o	��o%p k���Xlk �%o	��n�� �	��n%�
c5`5q k%k��u?vk Q4�	��X%X k%k���p%p o	���lk
d Z\r�s s ��?A��n%o o	��o%X ��?A���%o p	���lk

w[&�x�1����	��o	� +.-�-/zS9V!�1�&43%�W(�$	f��%�



�5�	� EA�g� �y� GIHK���[Lv� �y� BA�

dI[mA]-10 -5 0 5 10 15 20 25 30

E
n

tr
ie

s

0
5

10
15
20
25
30
35
40
45
50 W07

 CERN - OLD CERN 
Mean: 3.75 RMS: 5.27
N
 RAL - OLD CERN 
Mean: 10.82 RMS: 5.13
N
 SCIPP - OLD CERN 
Mean: 3.82 RMS: 5.81

W07
 CERN - OLD CERN 
Mean: 3.75 RMS: 5.27
N
 RAL - OLD CERN 
Mean: 10.82 RMS: 5.13
N
 SCIPP - OLD CERN 
Mean: 3.82 RMS: 5.81

W07
 CERN - OLD CERN 
Mean: 3.75 RMS: 5.27
N
 RAL - OLD CERN 
Mean: 10.82 RMS: 5.13
N
 SCIPP - OLD CERN 
Mean: 3.82 RMS: 5.81

MasterDigC difference

dI[mA]-10 -5 0 5 10 15 20 25 30

E
n

tr
ie

s

0

10

20

30

40

50

60

70

80 W07
 CERN - OLD CERN 
Mean: 3.89 RMS: 4.34
 RAL - OLD CERN 
Mean: 11.02 RMS: 4.40
 SCIPP - OLD CERN 
Mean: 3.19 RMS: 4.36

W07
 CERN - OLD CERN 
Mean: 3.89 RMS: 4.34
 RAL - OLD CERN 
Mean: 11.02 RMS: 4.40
 SCIPP - OLD CERN 
Mean: 3.19 RMS: 4.36

W07
 CERN - OLD CERN 
Mean: 3.89 RMS: 4.34
 RAL - OLD CERN 
Mean: 11.02 RMS: 4.40
 SCIPP - OLD CERN 
Mean: 3.19 RMS: 4.36

SlaveDigC difference

 zP���������	���%�	� �>z�!#"#$%�%�2&%(���+.-�-�$%*,�4&%�2��9��.��"#�4!#"#�.�5"#$�"�����$�1Sf�Z\hic5j�"#�4!�"#�.�0*7$%�~:<&�*=�.�>�@?A�

dI[mA]-10 -5 0 5 10 15 20 25 30

E
n

tr
ie

s

0
5

10
15
20
25
30
35
40
45
50 W15

 CERN - OLD CERN 
Mean: 4.34 RMS: 3.81
 RAL - OLD CERN 
Mean: 11.53 RMS: 3.63
 SCIPP - OLD CERN 
Mean: 4.10 RMS: 3.90

W15
 CERN - OLD CERN 
Mean: 4.34 RMS: 3.81
 RAL - OLD CERN 
Mean: 11.53 RMS: 3.63
 SCIPP - OLD CERN 
Mean: 4.10 RMS: 3.90

W15
 CERN - OLD CERN 
Mean: 4.34 RMS: 3.81
 RAL - OLD CERN 
Mean: 11.53 RMS: 3.63
 SCIPP - OLD CERN 
Mean: 4.10 RMS: 3.90

MasterDigC difference

dI[mA]-10 -5 0 5 10 15 20 25 30

E
n

tr
ie

s

0

20

40

60

80

100 W15
M

 CERN - OLD CERN 
Mean: 4.61 RMS: 3.09
 RAL - OLD CERN 
Mean: 11.14 RMS: 3.56
 SCIPP - OLD CERN 
Mean: 3.82 RMS: 3.10

W15
M

 CERN - OLD CERN 
Mean: 4.61 RMS: 3.09
 RAL - OLD CERN 
Mean: 11.14 RMS: 3.56
 SCIPP - OLD CERN 
Mean: 3.82 RMS: 3.10

W15
M

 CERN - OLD CERN 
Mean: 4.61 RMS: 3.09
 RAL - OLD CERN 
Mean: 11.14 RMS: 3.56
 SCIPP - OLD CERN 
Mean: 3.82 RMS: 3.10

SlaveDigC difference
�

 zP���������	���%�	� �>z�!#"#$%�%�2&%(���+.-�-�$%*,�4&%�2��9��.��"#�4!#"#�.�5"#$�"�����$�1Sf�Z\hic5j�"#�4!�"#�.�0*7$%�~:<&�*=�.��Q4X	�



��� DFEAGIHKJ=LIG

dI[mA]-10 -5 0 5 10 15 20 25 30

E
n

tr
ie

s

0

10

20

30

40

50

60
W07
M

 RAL - CERN
Mean: 7.99 RMS: 5.33
N
 SCIPP - CERN 
Mean: 0.85 RMS: 5.44

W07
M

 RAL - CERN
Mean: 7.99 RMS: 5.33
N
 SCIPP - CERN 
Mean: 0.85 RMS: 5.44

MasterDigC difference

dI[mA]-10 -5 0 5 10 15 20 25 30

E
n

tr
ie

s

0

20

40

60

80

100
W07
M

 RAL - CERN
Mean: 7.71 RMS: 4.71
N
 SCIPP - CERN 
Mean: 0.31 RMS: 4.96

W07
M

 RAL - CERN
Mean: 7.71 RMS: 4.71
N
 SCIPP - CERN 
Mean: 0.31 RMS: 4.96

SlaveDigC difference
�

 zP���������	���lk��R�5zS!#"#$%�%�2&%(��6+.-�-�"�����c5`5qi�yZ\hic5j�&%9�f d ZRrtsis "#�4!�"#�.�0*7$%�~:<&�*=�.�|�@?A�

dI[mA]-10 -5 0 5 10 15 20 25 30

E
n

tr
ie

s

0

10

20

30

40

50

60

W07
 CERN - SCIPP
Mean: 1.05 RMS: 5.35
N
 RAL - SCIPP 
Mean: 8.15 RMS: 5.31

W07
 CERN - SCIPP
Mean: 1.05 RMS: 5.35
N
 RAL - SCIPP 
Mean: 8.15 RMS: 5.31

MasterDigC difference

dI[mA]-10 -5 0 5 10 15 20 25 30

E
n

tr
ie

s

0

10

20

30

40

50

60

70

80
W07

 CERN - SCIPP
Mean: 1.61 RMS: 4.54
N
 RAL - SCIPP 
Mean: 8.42 RMS: 4.80

W07
 CERN - SCIPP
Mean: 1.61 RMS: 4.54
N
 RAL - SCIPP 
Mean: 8.42 RMS: 4.80

SlaveDigC difference
�

 zP���������	���%X	�R�5zS!#"#$%�%�2&%(��6+.-�-�"�����c5`5qi�yZ\hic5j�&%9�f d ZRrtsis "#�4!�"#�.�0*7$%�~:<&�*=�.�|�@?A�



�5�	� EA�g� �y� GIHK���[Lv� �y� �¡B

{|z£¢8�.���49��¤��$%*Kf�z���zP"�&%1¡�.�������49A"~+.^�^]z�9V(�&%!#"#�.�5(�$�f���*7$%�~:<&�*7�.�5�@?V_ (6`0a
¥ $�1�f�Z\h c0j ¥ Z\h c0j ¥ c0`>q ¥ d ZRrtsisY �4&%9 c Yed Y �4&%9 c Yed Y �4&%9 c Yed Y �4&%9 c Yed

$�1Sf�Z\hic5j ¥ ¥Z]hic0j �	�u?�X X	����? ¥ ¥ Q�����X X	���%X
c5`5q Q.����p%� X	��Q4� ?A��o%o X	���%� ¥ ¥ p	��Q4X X	����Q
d ZRr�s s �	��p%� X	��p�Q ����p%X X	�mk%k ¥ ¥

wK&�x�1P���	��Q.���R�6+.-�-/z�9V(6&%!�"#�.� Y $�f��/*7$%�~:<&�*7�.�>�@?A�

{|z£¢8�.���49��¤�/$%*,f�zP��z�"�&%1¡�.�������49A"~+.^�^]z�9V!�1S&43%��(�$�f���*7$%�~:<&�*7�.�>�@?V_ (�`~a
¥ $�1�f�Z\h c0j ¥ Z\h c0j ¥ c0`>q ¥ d ZRrtsisY �4&%9 c Yed Y �4&%9 c Yed Y �4&%9 c Yed Y �4&%9 c Yed

$�1Sf�Z\hic5j ¥ ¥Z]hic0j �	��p%o k����lk ¥ ¥ Q���n�Q k���Xlk
c5`5q Q%Q������ k��mk�� ?A�u?	Q k��u?	Q ¥ ¥ p	�mk@� k���p��
d ZRr�s s �	��Q4o k����%n ������Q k���o%n ¥ ¥

w[&�xy1P���	��Q%Q��R��+.-2-/z�9V!�1�&I3%� Y $	f���*=$%�~:<&�*7�.�5�@?A�



�y� DFEAGIHKJ=LIG

Chip [#]
¦0 50 100 150 200 250

C
u

rr
en

t 
[m

A
]

0

20

40

60

80

100

Wafer 07
§

OLD CERN
RAL

MasterAnaC

Chip [#]
¦0 50 100 150 200 250

C
u

rr
en

t 
[m

A
]

0

20

40

60

80

100

Wafer 07
OLD CERN
¨
RAL
©

SlaveAnaC
O

 zP�������/�	���%n	�R+.^�^\!��.&�"#"#�.�2ª�1P$%"5&%!0(6&%!#"#�.�0$%�5!�1�&43%��*=$%�5$�1�fgZ\hic5j�&%9�f;c0`>q<"#�4!#"#�.�5$%*,:<&�*=�.�>�@?A�

Y &%!#"#�.�>`59�&%1�$%�«Z\�������49A"~+.^�^�_ (6`0a
:<&�*7�.�5�@? :<&�*=�.�bQ4X

Y �4&%9 c Y�d Y �4&%9 c Y�d
$�1�fgZ\h c0j ?�o	��p�Q �	��o%� p������%n �	��o%X
Z\hic5j ?�p	����Q �	�u?�p ?�o	�mk@p �	��olk
c0`>q ?�o	��p�� �	���lk p������%� �	���%�
d ZRrtsis ?��	��Q4� �	��p�� ?vk�����X �	�mk@p

wK&�x�1P���	��Q4�	�R+.^�^]z�9V(6&%!�"#�.�0(�$�f��%�

d 1�&43%��`>9�&%1P$%�¬Z\�������49A"]+.^�^/_ (6`0a
:<&�*7�.�5�@? :<&�*=�.�bQ4X

Y �4&%9 c Y�d Y �4&%9 c Y�d
$�1�fgZ\h c0j ?�o	�u?�n �	����� p������%p �	��o%n
Z\hic5j ?�p	���%� �	�u?�o ?�o	��X�� �	��olk
c0`>q ?�o	��p%� �	���lk p�������n �	���%o
d ZRrtsis ?��	����� �	��Q¤k ?vk�����n �	��X��

wK&�x�1P���	��Q4�	�R+.^�^]z�9V!�1�&I3%��(�$�f��%�



�5�	� EA�g� �y� GIHK���[Lv� �y� ��

Chip [#]0 50 100 150 200 250

C
u

rr
en

t 
[m

A
]

0

20

40

60

80

100

Wafer 07
§

OLD CERN
SCIPP

MasterAnaC

Chip [#]
0 50 100 150 200 250

C
u

rr
en

t 
[m

A
]

0

20

40

60

80

100

Wafer 07
OLD CERN
¨
SCIPP
�

SlaveAnaC
®

 z����������	����?A� + ^�^ !��.&�"#"#�.��ª�1P$%"~&%!](�&%!#"#�.�]$%�]!�1�&43%��*7$%�\$�1�f;Z\hic5j�&%9�f d ZRrtsis¯"#�4!�"#�.�]$%*}:<&�*7�.�0�@?A�

I[mA]50 55 60 65 70 75 80 85 90

E
n

tr
ie

s

0

20

40

60

80

100

W07
M

 old Cern 
Mean: 79.81 RMS: 2.93
N
 CERN 
Mean: 78.21 RMS: 2.78
N
 RAL 
Mean: 79.80 RMS: 2.24
N
 SCIPP 
Mean: 73.13 RMS: 2.80

W07
M

 old Cern 
Mean: 79.81 RMS: 2.93
N
 CERN 
Mean: 78.21 RMS: 2.78
N
 RAL 
Mean: 79.80 RMS: 2.24
N
 SCIPP 
Mean: 73.13 RMS: 2.80

W07
M

 old Cern 
Mean: 79.81 RMS: 2.93
N
 CERN 
Mean: 78.21 RMS: 2.78
N
 RAL 
Mean: 79.80 RMS: 2.24
N
 SCIPP 
Mean: 73.13 RMS: 2.80

MasterAnaC 

I[mA]50 55 60 65 70 75 80 85 90

E
n

tr
ie

s

0

20

40

60

80

100

W07
 old Cern 
Mean: 79.76 RMS: 3.03
N
 CERN 
Mean: 78.23 RMS: 2.79
 RAL 
Mean: 79.83 RMS: 2.24
N
 SCIPP 
Mean: 73.03 RMS: 3.14

W07
 old Cern 
Mean: 79.76 RMS: 3.03
N
 CERN 
Mean: 78.23 RMS: 2.79
 RAL 
Mean: 79.83 RMS: 2.24
N
 SCIPP 
Mean: 73.03 RMS: 3.14

W07
 old Cern 
Mean: 79.76 RMS: 3.03
N
 CERN 
Mean: 78.23 RMS: 2.79
 RAL 
Mean: 79.83 RMS: 2.24
N
 SCIPP 
Mean: 73.03 RMS: 3.14

SlaveAnaC 

 zP�������/�	���%p	�\�5z�!�"#$%�%�2&%(T$%*U+.^�^\&%!0!�1S&43%�/$%�>(6&%!#"#�.�~*7$%�0&%1�1¡"#�4!�"#�.�2!~$�9V:<&�*7�.�|�@?A�



��° DFEAGIHKJ=LIG

I[mA]50 55 60 65 70 75 80 85 90

E
n

tr
ie

s

0

10

20

30

40

50

60

70

80

W15
M

 old Cern 
Mean: 80.36 RMS: 2.95
N
 CERN 
Mean: 79.48 RMS: 2.94
N
 RAL 
Mean: 80.00 RMS: 3.23
 SCIPP 
Mean: 74.05 RMS: 2.48
N

W15
M

 old Cern 
Mean: 80.36 RMS: 2.95
N
 CERN 
Mean: 79.48 RMS: 2.94
N
 RAL 
Mean: 80.00 RMS: 3.23
 SCIPP 
Mean: 74.05 RMS: 2.48
N

W15
M

 old Cern 
Mean: 80.36 RMS: 2.95
N
 CERN 
Mean: 79.48 RMS: 2.94
N
 RAL 
Mean: 80.00 RMS: 3.23
 SCIPP 
Mean: 74.05 RMS: 2.48
N

MasterAnaC 

I[mA]50 55 60 65 70 75 80 85 90

E
n

tr
ie

s

0

10

20

30

40

50

60

70

80

W15
M

 old Cern 
Mean: 80.38 RMS: 2.96
N
 CERN 
Mean: 79.50 RMS: 2.94
 RAL 
Mean: 80.06 RMS: 3.29
 SCIPP 
Mean: 74.06 RMS: 2.50

W15
M

 old Cern 
Mean: 80.38 RMS: 2.96
N
 CERN 
Mean: 79.50 RMS: 2.94
 RAL 
Mean: 80.06 RMS: 3.29
 SCIPP 
Mean: 74.06 RMS: 2.50

W15
M

 old Cern 
Mean: 80.38 RMS: 2.96
N
 CERN 
Mean: 79.50 RMS: 2.94
 RAL 
Mean: 80.06 RMS: 3.29
 SCIPP 
Mean: 74.06 RMS: 2.50

SlaveAnaC 
�

 zP���������	���%o	�\�>z�!#"#$%�%�2&%(T$%*U+ ^�^ &%!5!�1�&43%��$%�0(6&%!#"#�.�5*=$%�0&%1S1¡"#�4!#"#�.�2!0$�9V:<&�*=�.��Q4X	�

dI[mA]-15 -10 -5 0 5 10 15 20

E
n

tr
ie

s

0

10

20

30

40

50

60

70

80 W07
 CERN - OLD CERN 
Mean: -1.46 RMS: 3.29
N
 RAL - OLD CERN 
Mean: -0.22 RMS: 2.89
 SCIPP - OLD CERN 
Mean: -6.35 RMS: 3.37
N

W07
 CERN - OLD CERN 
Mean: -1.46 RMS: 3.29
N
 RAL - OLD CERN 
Mean: -0.22 RMS: 2.89
 SCIPP - OLD CERN 
Mean: -6.35 RMS: 3.37
N

W07
 CERN - OLD CERN 
Mean: -1.46 RMS: 3.29
N
 RAL - OLD CERN 
Mean: -0.22 RMS: 2.89
 SCIPP - OLD CERN 
Mean: -6.35 RMS: 3.37
N

MasterAnaC difference

dI[mA]-15 -10 -5 0 5 10 15 20

E
n

tr
ie

s

0

10

20

30

40

50

60

70

80 W07
 CERN - OLD CERN 
Mean: -1.38 RMS: 3.43
 RAL - OLD CERN 
Mean: -0.13 RMS: 3.03
 SCIPP - OLD CERN 
Mean: -6.40 RMS: 3.03

W07
 CERN - OLD CERN 
Mean: -1.38 RMS: 3.43
 RAL - OLD CERN 
Mean: -0.13 RMS: 3.03
 SCIPP - OLD CERN 
Mean: -6.40 RMS: 3.03

W07
 CERN - OLD CERN 
Mean: -1.38 RMS: 3.43
 RAL - OLD CERN 
Mean: -0.13 RMS: 3.03
 SCIPP - OLD CERN 
Mean: -6.40 RMS: 3.03

SlaveAnaC difference
�

 zP���������	�������R�5z�!�"#$%�%�2&%(���+.^±^ $%*,�4&%�'�g9��.��"#�4!�"#�.�5"#$6"�����$�1�f�Z\h c0j�"#�4!#"#�.�0*7$%�~:<&�*7�.�>�@?A�



�5�	� EA�g� �y� GIHK���[Lv� �y� ��²

dI[mA]-15 -10 -5 0 5 10 15 20

E
n

tr
ie

s

0

10

20

30

40

50

60 W15
 CERN - OLD CERN 
Mean: -0.92 RMS: 3.11
N
 RAL - OLD CERN 
Mean: -0.24 RMS: 3.16
N
 SCIPP - OLD CERN 
Mean: -6.26 RMS: 3.40
N

W15
 CERN - OLD CERN 
Mean: -0.92 RMS: 3.11
N
 RAL - OLD CERN 
Mean: -0.24 RMS: 3.16
N
 SCIPP - OLD CERN 
Mean: -6.26 RMS: 3.40
N

W15
 CERN - OLD CERN 
Mean: -0.92 RMS: 3.11
N
 RAL - OLD CERN 
Mean: -0.24 RMS: 3.16
N
 SCIPP - OLD CERN 
Mean: -6.26 RMS: 3.40
N

MasterAnaC difference

dI[mA]-15 -10 -5 0 5 10 15 20

E
n

tr
ie

s

0

10

20

30

40

50

60 W15
M

 CERN - OLD CERN 
Mean: -0.92 RMS: 3.11
N
 RAL - OLD CERN 
Mean: -0.24 RMS: 3.17
 SCIPP - OLD CERN 
Mean: -6.27 RMS: 3.42
N

W15
M

 CERN - OLD CERN 
Mean: -0.92 RMS: 3.11
N
 RAL - OLD CERN 
Mean: -0.24 RMS: 3.17
 SCIPP - OLD CERN 
Mean: -6.27 RMS: 3.42
N

W15
M

 CERN - OLD CERN 
Mean: -0.92 RMS: 3.11
N
 RAL - OLD CERN 
Mean: -0.24 RMS: 3.17
 SCIPP - OLD CERN 
Mean: -6.27 RMS: 3.42
N

SlaveAnaC difference

 zP���������	����Q��R�>z�!#"#$%�%�'&%(³��+ ^�^ $%*K�4&%�2��9��.�´"#�4!#"#�.�>"#$6"�����$�1�f�Z\hic5j�"#�4!#"#�.�5*=$%�0:<&�*=�.�bQ4X	�

dI[mA]-15 -10 -5 0 5 10 15 20

E
n

tr
ie

s

0

10

20

30

40

50

60

W07
 RAL - CERN
Mean: 1.37 RMS: 2.98
N
 SCIPP - CERN 
Mean: -4.95 RMS: 2.94
N

W07
 RAL - CERN
Mean: 1.37 RMS: 2.98
N
 SCIPP - CERN 
Mean: -4.95 RMS: 2.94
N

MasterAnaC difference

dI[mA]-15 -10 -5 0 5 10 15 20

E
n

tr
ie

s

0

10

20

30

40

50

60

W07
M

 RAL - CERN
Mean: 1.37 RMS: 2.98
N
 SCIPP - CERN 
Mean: -4.93 RMS: 2.88

W07
M

 RAL - CERN
Mean: 1.37 RMS: 2.98
N
 SCIPP - CERN 
Mean: -4.93 RMS: 2.88

SlaveAnaC difference
�

 zP���������	���%�	�R�5z�!�"#$%�%�2&%(���+.^±^ "�����c0`>qµ�yZ\h c0j¶&%9�f d Z\r�s s "#�4!#"#�.�0*7$%�~:<&�*7�.�>�@?A�



��· DFEAGIHKJ=LIG

dI[mA]-15 -10 -5 0 5 10 15 20

E
n

tr
ie

s

0

10

20

30

40

50

60

W07
 CERN - SCIPP
Mean: 5.14 RMS: 3.16
N
 RAL - SCIPP 
Mean: 6.51 RMS: 2.79
N

W07
 CERN - SCIPP
Mean: 5.14 RMS: 3.16
N
 RAL - SCIPP 
Mean: 6.51 RMS: 2.79
N

MasterAnaC difference

dI[mA]-15 -10 -5 0 5 10 15 20

E
n

tr
ie

s

0

10

20

30

40

50

60

W07
M

 CERN - SCIPP
Mean: 5.16 RMS: 3.16
N
 RAL - SCIPP 
Mean: 6.53 RMS: 2.80
N

W07
M

 CERN - SCIPP
Mean: 5.16 RMS: 3.16
N
 RAL - SCIPP 
Mean: 6.53 RMS: 2.80
N

SlaveAnaC difference

 zP�����2���	���%�	� �>z�!#"#$%�%�2&%(¸��+.^�^R"�����c5`5qi�yZ\hic5j�&%9�f d ZRrtsis "#�4!#"#�.�5*=$%�0:<&�*=�.�|�@?A�

{|z£¢8�.���49��¤�/$%*U&%9�&%1�$%�6�.�������49A"0+.^�^\z�9V(6&%!�"#�.�5(�$�f���*7$%�~:<&�*=�.�>�@?;_ (6`0a
¥ $�1�f�Z\hic5j ¥ Z]hic0j ¥ c5`5q ¥ d Z\r�s sY �4&%9 c Y�d Y �4&%9 c Y�d Y �4&%9 c Y�d Y �4&%9 c Y�d

$�1�f�Z\h c0j ¥ ¥Z\hic5j ¥ Q��mk@n �	���%o ¥ ¥ X	��Q¤k �	��Q4n
c0`>q ¥ �����%� �	��p%o Q�����? �	��o%p ¥ ¥ n	��X�Q �	�u?�o
d ZRrtsis ¥ n	���%X �	����? ¥ k���o%X �	��olk ¥ ¥

wK&�x�1P���	��Q¤k��\��+.^�^]z�9V(�&%!#"#�.� Y $	f���*=$%�~:<&�*7�.�|�@?A�

{|z£¢8�.���49��¤��$%*U&%9�&%1P$%�«�.�������49A"~+.^�^\z�9;!�1S&43%��(�$�f���*7$%�~:<&�*7�.�5�@?V_ (6`0a
¥ $�1�f�Z\hic5j ¥ Z]hic0j ¥ c5`5q ¥ d Z\r�s sY �4&%9 c Y�d Y �4&%9 c Y�d Y �4&%9 c Y�d Y �4&%9 c Y�d

$�1�f�Z\h c0j ¥ ¥Z\hic5j ¥ ����o%� �	��Q%Q ¥ ¥ X	��Q4n �	��Q4n
c0`>q ¥ �����lk �	��QI? Q�����? �	��o%p ¥ ¥ n	��X%� �	��p��
d ZRrtsis ¥ n	����? �	�mk@� ¥ k���o%� �	��p%p ¥ ¥

wK&�x�1P���	��Q4X	�]��+.^�^\z�9V!�1S&43%� Y $	f��/*=$%�0:<&�*=�.�>�@?A�



¹ �7E�J7º �¼»

½,¾�¿ À�Á�Â�ÃÅÄ
w~���~"#$%"�&%1yÆ	z��41�f�z�!U"����5(�$�!#" zS(�ª8$%��"�&%9@"µ9	��(Wx8�.�µ"#$Wf��4!2�¤�2zPx8�\"����0�¤$�(�ª�&��'z�!#$�96x8�."Å� �.�49�"����0"#�4!#"#�.�'!
&%!�zP"�z�9��¤$%��ª8$%�2&�"#�4!�"����V&%9�&%1P$%���Rf�zP��zP"�&%1\&%9�fÇª8$I�R�.�6�¤$�9�!���(�ª�"�zP$�9Ç"#�4!#"�!.�Çw[&�xy1P�;�	��Q4nÈ!���$v�0!�"����
Æ	zP�41Sf¬*=$%�0&%1S18"#�4!#"#�.�2!0&%9�fV�R&�*7�.�2!.�
w~���0f�z���zP"�&%1�Æ�zP�41�f6zS!µ!�1�zP���A"�1PÆ�1P$v� �.�RxAÆ�&W(6&lÉ�zS(W��(Ê$%*}n�ËÌ*7$%�i"����59��.�Í"#�4!#"#�.�2!.�	ª��2zS(6&��2z�1PÆ�x¼�4�.&%��!#�
$%*Î"����59��.�Ï"#�4!#"R3%�4�¤"#$%�2!.� w~���5&��%�2�.�4(��49@"\*7$%� $�1Sf6"#�4!#"#�.�]"#$�"����59��.�Ï"#�4!#"#�.�'!RzS!i&%!\1P$I�Ð&%!\p%p�ËF��x���"
&%1�18"������.��9��.��"#�4!#"#�.�2!5&��%���.���0z�"���z�9¬olkAËF�
w~���|&��%���.�4(��49A"]*=$%�\"����|"#$%"�&%18Æ�zP�41�feÑÒzÓ�m�%�Uª8�.��*=�4�¤"\Æ�zP�41�fyÔµz�!R&�"~1P�4&%!#"]o%o�ËÕ*=$%�\"����|"������.��9��.�Ð"#�4!#"#�.�'!
&%9�fV"����/(6zS9�z�(���(Ö&��%���.�4(��49A"0*7$%�~"����/$�1�f¬"#�4!�"#�.�5"#$6"����/9��.��"#�4!#"#�.�>z�!~&�x8$���"0o%p�ËF�



��C DFEAGIHKJ=LIG

q}$%" c5&4�´×�zP�41�f w[�4!#"#�.� s[�.�2*=�4�¤" Q/{>�4&%f �b{>�4&%f {|zP��zP"�&%1
:<&�*=�.� $%� $%� ×�zP�41�f Z\��&%9�9��41 Z\��&%9�9��41�! sK�.��*7�4�¤"

ZR$�(�ªy&��2z�!#$�9 ZR$�9A"#�¤É	" ×�zP�41�f
Ø ��?���?%?l` d Z\r�s s Q4X;ÑÓX	��p%n�Ë6Ô �%�;ÑÓp	��X%o�Ë6Ô Q4p;Ñ�?A������Ë6Ô o%��ÑÓ�%X	��olkAË6Ô
:Í�@? ×|zP�41Sf $�1�fgZ]hic0j ���gÑ�?A��p�QIË6Ô �%�;ÑÓp	��o%p�Ë6Ô QI?VÑÓn	��nlkAË6Ô Q.��p;Ñ7k@�	��Q4o�Ë6Ô

Z\h c0j QI?VÑÓn	��nlkAË6Ô �%�;ÑÓp	��X%o�Ë6Ô Q4p;Ñ�?A������Ë6Ô o%n�ÑÓ��?A��X��@Ë6Ô
c5`5q Q4X;ÑÓX	��p%n�Ë6Ô ��Q�ÑÓp	�����@Ë6Ô Q4p;Ñ�?A������Ë6Ô o%X�ÑÓ��?A��Q%QIË6Ô

Z]hic0j `0�%���.� �%XlkeÑÓo%o	���%��Ë6Ô �%Xlk�ÑÓo%o	���%��Ë6Ô �%X%ngÑtQ.�%�����%�@Ë6Ô �lk@�;ÑÓolk���X%��Ë6Ô
d ZRr�s s
Z]hic0j `0�%���.� �%X�QFÑÓo%p	����X�Ë6Ô �lk@�;ÑÓolk���o%��Ë6Ô �lk@o�ÑÓo�?A����?%Ë6Ô �%�%p;ÑÓo%�	��o�?%Ë6Ô

$�1�f�Z\hic5j
Z]hic0j `0�%���.� �%XlkeÑÓo%o	���%��Ë6Ô �%X%�;ÑÓo%p	��p%��Ë6Ô �%XlkeÑÓo%o	���%��Ë6Ô �lk@�;ÑÓolk���o%��Ë6Ô
c5`5q
d ZRr�s s `0�%���.� �lk@o�ÑÓo�?A����?%Ë6Ô �lk�Q�ÑÓolk���Q¤kAË6Ô �lk@o�ÑÓo�?A����?%Ë6Ô �%�%n;ÑÓo%�	��Q4o�Ë6Ô

$�1�f�Z\hic5j
d ZRr�s s `0�%���.� �%XlkeÑÓo%o	���%��Ë6Ô �%X%�;ÑÓo%p	��p%��Ë6Ô �%XlkeÑÓo%o	���%��Ë6Ô �%�%o;ÑÓo%�	���%n�Ë6Ô
c5`5q

$�1�f�Z\hic5j `0�%���.� �lk@o�ÑÓo�?A����?%Ë6Ô �lk��gÑÓo%�	�u?�X�Ë6Ô �lkA?gÑÓo%n	�mk@p�Ë6Ô �%�%o;ÑÓo%�	���%n�Ë6Ô
c5`5q

Ø ��?���?%? d Z\r�s s QI?VÑÓn	��nlkAË6Ô Q4X;ÑÓX	��p%n�Ë6Ô Q4n;ÑÓn	���%X�Ë6Ô Q%Q¤k�Ñ7k%k���X%��Ë6Ô
:¶Q4X ×|zP�41Sf $�1�fgZ]hic0j Q4n;ÑÓn	���%X�Ë6Ô QI?VÑÓn	��nlkAË6Ô Q4n;ÑÓn	���%X�Ë6Ô Q%QI?VÑ7k@X	�u?l�@Ë6Ô

Z\h c0j QI?VÑÓn	��nlkAË6Ô Q4X;ÑÓX	��p%n�Ë6Ô Q4n;ÑÓn	���%X�Ë6Ô Q%Q¤k�Ñ7k%k���X%��Ë6Ô
c5`5q Q4n;ÑÓn	���%X�Ë6Ô Q%Q�Ñ7k������@Ë6Ô Q4X;ÑÓX	��p%n�Ë6Ô Q%Q%Q�Ñ7k@�	���%n�Ë6Ô

Z]hic0j `0�%���.� �%X%ngÑtQ.�%�����%�@Ë6Ô �%X%�;ÑÓo%p	�mk%kAË6Ô �lk@o�ÑÓo�?A����?%Ë6Ô �lk�Q�ÑÓolk���Q¤kAË6Ô
d ZRr�s s
Z]hic0j `0�%���.� �%X%X�ÑÓo%o	��n�QIË6Ô �%X��gÑÓo�?A��n%n�Ë6Ô �lk@p�ÑÓo%n	��p%p�Ë6Ô �%�%o�ÑÓp%o	�mk@X�Ë

$�1�f�Z\hic5j
Z]hic0j `0�%���.� �%X%X�ÑÓo%o	��n�QIË6Ô �%X%�;ÑÓo%p	�mk%kAË6Ô �%X�QFÑÓo%p	����X�Ë6Ô �lk@�;ÑÓolk���o%��Ë6Ô
c5`5q
d ZRr�s s `0�%���.� �%X%X�ÑÓo%o	��n�QIË6Ô �%X%�;ÑÓo%p	�mk%kAË6Ô �lkA?gÑÓo%n	�mk@p�Ë6Ô �%�%n;ÑÓp%p	���%p�Ë6Ô

$�1�f�Z\hic5j
d ZRr�s s `0�%���.� �%X%X�ÑÓo%o	��n�QIË6Ô �%X%�;ÑÓo%p	�mk%kAË6Ô �%XlkeÑÓo%o	���%��Ë6Ô �lk%k�ÑÓo%X	����QIË6Ô
c5`5q

$�1�f�Z\hic5j `0�%���.� �%XlkeÑÓo%o	���%��Ë6Ô �%X��gÑÓo�?A��n%n�Ë6Ô �lkA?gÑÓo%n	�mk@p�Ë6Ô �%�%�;ÑÓo�����n%��Ë6Ô
c5`5q

wK&�x�1P�6�	��Q4n	�/×�zP�41�f����4!���1P"�!.�FÙ�`0�%���.�%Ù[!���$I�5!�"����6&�x�!#$�1S��"#�69A��(�x8�.�|$%*R�'��zPª�!|"���&�"�ª�&%!�!�$%�/*Ò&%z�1K"����
"#�4!#"5$�9;x8$%"��;!�zP"#�4!4�irt9Vª�&����49A"����4!#�4!5z�!]"����/�'&�"�zP$�z�9Vª8�.�2�¤�49A"~$%*,"���z�!09A��(Wx8�.�]"#$�"�����"#$%"�&%1[9	��(Wx¼�.�
$%*U�2��z�ª�!\$�9V"����/��z�3%�49V�R&�*7�.�4�



���

Ú ÛÍÜ>ÝbÞµß2àbá8â�Ü>Ý

w~�����¤$�(�ª�&��2zS!#$�9¬$%*["����/f�z£¢8�.���49@"~!2zP"#�4!]!���$v�0!]"���&�"]"����.ÆF��zP3%�/!�zS(6z�1�&��\���4!���1P"�!R�0zP"���z�9«"�����ã����¤"���& ¥"�zP$�9�!R$�9F"�����&%9�&%1P$%�b&%9�fF"����|ª¼$v� �.�]�¤$�9�!2��(�ª�"�zP$�9«ª�&���".���¤É��¤�.ª�"]+.^�^µ*7$%� d ZRrtsis¯&%9�fF+.-�->*7$%�\c5`5qi�
�0��z��'�V!���$���1�f¬x8�|�4&%!#Æ¬"#$6ä�ÉV&%9�f;f�$A�4!~9�$%"0��&43%�W&%9gz�9�ãy���49��¤�>$�9;"����/f��.�'zP3%�4fVÆ�zP�41�f¡�
w~����9��.�å"#�4!#"b!�zP"#�4!W��&43%�¬&;�%$	$	fÇ&��%���.�4(��49A"b$�9<"����Ff�zP��zP"�&%1iª�&���"�&%!W�R�41�1Ó�Kx���"/"����F�¤$�(�ª�&��2zS!#$�9
"#$V"����b$�1�f<Z\hic5jæ"#�4!#"#�.��zS!>f�zPç��.��1P">f�����"#$V"������2��&%9��%�4!/z�9�"����6w]è|!.��w~�������4!���1P"5*7$%��"����bÆ�zP�41�f
�¤$�(�ª�&��2z�!�$�9V*=$%�0ª¼�.�2*=�4�¤"~�'��zPª�!]!#�.�4(�!~"#$6x8�/é	��zP"#�/&%�.�¤�.ª�"�&�x�1��%�

ê ë àWì8àbí¡îÖï Ü0í¡ð

ñ w~���/(�z�!��.&%1�zPx��2&�"�zP$�9F$%*["�����c0`>q�&%9�f d ZRrtsisò�.���2���49@"~(6�4&%!������4(��49A"�!0��&%!]"#$6x8�/�¤$%�����4�¤"#�4f¡�

ñ w~�����.&%��!���*=$%�~!#$�(6�/�2��zPªy! "#$�*Ò&%z�18w]è>k6(�$%���|*7���4éA���49@"�1PÆ«$�9¬"���� d ZRrtsis¯"#�4!�"#�.�09��.�4f�!\"#$�x8�
���4!#$�1�3%�4f¡�

ñ w~���b!#"�&�"�z�!�"�z��.!|�0z�1�1Îx¼�bz�(�ª���$I3%�4f�x	Æg&%f�f�z�9���"����b���4(6&%zS9�z�9��6"������.�b���.*=�.�2�49��¤�b�R&�*7�.�2!>"#$¬"����
�¤$�(�ª�&��'z�!#$�9V$�9��¤��"����/"����4zP�]"#�4!�"�z�9��6z�!~�¤$�(6ª�1P�."#�4f;&�"0&%1S1¡"������.�/!�z�"#�4!.�

ó ô â2á�ìõÜ0ö ë â2÷5àbí¡îµá

ô â�á�ì¶Ü5ö ë â�÷>àbí¡îµá

�	��Q d ZRrtsisòc0�.ª���$�f����.zPxyz�1�zP"ÅÆ Y �4&%!����2�4(��49@"�!ø�/���/�����/�/�/���/�����/�/���/�/�����/�/� �
�	��� c0`>q�c0�.ª���$�f����.zPx�zS1�zP"±Æ Y �4&%!������4(6�49@"�!ù�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� k
�	��� d ZRrtsis ¥Rú 1�fgZ\hic5jõû�&%z�9 d �.&�"#"#�.��ªy1P$%" �/���/�����/�/�/���/�����/�/���/�/�����/�/� X
�	�mk {|z£¢¼�.�2�49��¤�/z�9gû|&%z�9Î�µ:¶Q4X��/�/���/�����/�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� X
�	��X û|&%z�9V{|z�!#"#�'zPx���"�zP$�9F�0z�"��gZ\��")���/�����/�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� n
�	��n {|z£¢¼�.�2�49��¤�/z�9gû|&%z�9Î�µ:Í�@?´�/�/���/�����/�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� n
�	�u? Z\hic5j ¥\ú 1�fgZ\hic5j ú ¢8!#�." d �.&�"#"#�.��ª�1P$%"õ�/���/�����/�/�/���/�����/�/���/�/�����/�/� ?
�	��p {|z£¢¼�.�2�49��¤�/z�9 ú ¢¡!#�.".�µ:õQ4Xü�/���/�����/�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� ?
�	��o {|z£¢¼�.�2�49��¤�/z�9 ú ¢¡!#�.".�µ:Ð�@?ý�/���/�����/�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� p
�	��Q.�´c0`>q ¥Rú 1SfgZ\hic5j�j5$�z�!#� d �.&�"#"#�.��ª�1P$%"þ�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� p
�	��Q%Q w}�4!�"#�.�5j5$�z�!#�%�U:õQ4Xÿ���/���/�/���/�����/�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� o
�	��Q4�Ðw}�4!�"#�.�5j5$�z�!#�%�U:Ð�@? ���/���/�/���/�����/�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� o
�	��Q4�Ðj0$�zS!#�/{|z£¢¼�.�2�49��¤�%�µ:õQ4X ���/�/���/�����/�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� Q.�
�	��Q¤k�j0$�zS!#�/{|z£¢¼�.�2�49��¤�%�µ:Ð�@?¸���/�/���/�����/�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� Q.�
�	��Q4X Y zS9 � -�-�w]è¶�6:¶Q4XFZ\hic5j d Z\r�s s �/�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� Q4�
�	��Q4n Y zS9 � -�- d �.&�"#"#�.��ª�1P$%"0:Í�@?«Z\hic5j d Z\r�s s ���/�����/�/�/���/�����/�/���/�/�����/�/� Q4�
�	��QI? Y zS9 � -�- d �.&�"#"#�.��ª�1P$%"0*=$%�>Z]9�*=r ú :Ð�@?�Z\h c0j d ZRrtsis �/���/�����/�/���/�/�����/�/� Q¤k
�	��Q4pÐ+.-�-/!��.&�"#"#�.�2ª�1P$%"~:Ð�@?�Z\h c0j d ZRrtsis �/�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� Q4n
�	��Q4oÐ+.-�-/!��.&�"#"#�.�2ª�1P$%"~:Ð�@?�Z\h c0j�c0`>q ���/�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� QI?
�	�����´�5zS!#"#$6+.-�-�:Ð�@?��/���/���/���/�/���/�����/�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� QI?
�	����Q �5zS!#"#$6+.-�-�:õQ4Xb�/���/���/���/�/���/�����/�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� Q4p
�	���%�Ð�5zS!#"#$���+.-�-�:Ð�@? �/���/���/�/���/�����/�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� Q4o
�	���%�Ð�5zS!#"#$���+.-�-�:õQ4X �/���/���/�/���/�����/�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� Q4o
�	���lk���+.-�-�Z\h c0j d ZRrtsisòc5`5q �/���/�����/�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� ���
�	���%X´��+.-�-�c5`5q Z\hic5j ¥ d ZRr�s s ���/�����/�/�/���/�����/�/�/���/�����/�/���/�/�����/�/� ���
�	���%nÐ+ ^�^ !��.&�"#"#�.��ª�1�$%"~:Í�@?�$�1�f�Z\h c0j d ZRrtsis �/���/�����/�/�/���/�����/�/���/�/�����/�/� �%�



y� D������|D����È�	�	


�	����?Ï+.^�^]!��.&�"#"#�.�2ª�1P$%"~:Ð�@?b$�1�fgZ]hic0j d ZRrtsis �����/�/���/�/�����/�/���/�/�����/�/���/�/� �%�
�	���%pÍ�>z�!#"#$�+.^�^R:Ð�@?È�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/� �%�
�	���%oÍ�>z�!#"#$�+.^�^R:õQ4X<�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/� �lk
�	�����Ð�>z�!#"#$«��+.-2-�:Í�@? �/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/� �lk
�	����Q¯�>z�!#"#$«��+.-2-�:¶Q4X �/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/� �%X
�	���%�Ð��+ ^�^ Z]hic0j d ZRrtsis c0`>q �����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/� �%X
�	���%�Ð��+.^�^]c5`5q¯Z\hic5j ¥ d ZRrtsis������/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/� �%n

� ô â�á�ì¶Ü0ö������ß2îµá

ô â2á�ìõÜ0ö������ß�îiá

Q���Q w[�4!#"�z�9���!2zP"#�4!/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/� Q
Q���� :<&�*7�.�2!e�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/� Q
�	��� d ��(�(6&���Æ�$%*Uw[�4!#"#�.� d "�&�x�z�1�zP"ÅÆ%� �/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/� �
�	�mk d ��(�(6&���Æ�$%*U&%9�&%1�$%���¤$�(�ª�&��2zS!#$�9¡���/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/� Q%Q
�	��X {|z£¢ Y z�9 � -�-/*=$%�0w~è¶� d ZRr�s s ¥ Z\h c0j�:¶Q4Xæ�/���/�/�����/�/���/�/�����/�/���/�/� Q4�
�	��n {|z£¢ Y z�9 � -�-/$%*,w~è�k d Z\r�s s ¥ Z\h c0j�:¶Q4X �/���/�/�����/�/���/�/�����/�/���/�/� Q¤k
�	�u? {|z£¢ Y z�9 � -�-/$�1�f�Z\h c0j ¥ d ZRrtsis :Ð�@? �����/�/���/�/�����/�/���/�/�����/�/���/�/� Q4X
�	��p +.-�-/(�&%!#"#�.�;�/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/� Q4p
�	��o +.-�-/!21�&43%�Ð���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/� Q4p
�	��Q.�´��+.-�-�(6&%!#"#�.�0*7$%�~:<&�*7�.�>�@?ù�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/� ��Q
�	��Q%Q ��+.-�-�!�1�&43%��*=$%�5:<&�*=�.�>�@? �/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/� ��Q
�	��Q4�Í+.^�^](6&%!�"#�.� �/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/� �%�
�	��Q4�Í+.^�^]!�1S&43%�T���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/� �%�
�	��Q¤k���+ ^�^ (�&%!#"#�.�~*7$%�0:<&�*7�.�5�@? �����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/� �%n
�	��Q4XÐ��+.^�^]!21�&43%�/*7$%�~:<&�*7�.�>�@?/�/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/� �%n
�	��Q4n ×�zP�41�f¬���4!���1P"�!~�/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/�����/�/���/�/� �%p

� � îiö4îµí¡îiÝbÞUîµá

� îµö4îií¡îiÝbÞUîµá

_ {|&�xyo%ova :��5{>&�x���$I�0!��	zÓ�������/&�ª�1P$�9Î�>c�� d�� � � Æ	��zP�41����� "!$#&%('*),+.-0/�12/�1435+768:9<;=+?>@/A-BC;EDF)G-:3
-06H)&IJ/JKL1M/G>	N�;POP;@80/GDQN(1R-S;=+TIJ6G126(8(12/A-SNHU j>���.1P�4&��;rt9�!#"#�2��(��49@"�!V&%9�f Y �."���$�f�!Vz�9´s �@Æ�!�z�!
c~�4!#�4&��'�2�g`5k@��Q«ÑtQ4o%o%o�Ô5����� ¥ ��Q4X

_ V\z�&%��Q a :��LV\z�&%1�&%!4�	:¶��{|&�x���$v�0!W��zÓ��èW�  &%f��.Æ%�.3¼�8Z|��q[&%�.&%!#"�&��X���J��&�ª�1P$�9¡�� X60N(1@;PDJYZN2+76(8S;4[\8])J1@;^/GD
>R/A-_1@9X6a`b)c>R6]-dNe8�-06e60D<;PDJYFflsµ�2$Ggt�4�¤"µj>&%(��%�,`aV~Z\{���w ` d r#Z|�vèU�.�2!2zP$�9bè|�	��X	�	�%Xh����9��\���%��Q��

_�Z\zP$���Q a `��|Z\zP$��¤$���èW�  &%f��.Æ%�.3y�i j60N$1��k3<N$1260lm>R/A-�no'��bp	q� srM)c>@6]-,�X8�-06e60D<;PDLYFf q}&I�~���49��¤�
VR�.���%�41P�.ÆVj5&�"�z�$�9�&%1Îq}&�x8$%�2&�"#$%�2Æ%�FVR�.���%�41P�.ÆgZ\`W�X����9��������8���%��Q


