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5LYHODWRUL�D�VHPLFRQGXWWRUH�
� 8WLOL]]DWL�GD�WHPSR�LQ�ILVLFD�QXFOHDUH�SHU�PLVXUH�GL�HQHUJLD�
� ,Q�ILVLFD�GHOOH�DOWH�HQHUJLH�VRQR�VWDWL�XWLOL]]DWL�D�SDUWLUH�GDJOL�DQQL�·���FRPH�ULYHODWRUL�GL�SRVL]LRQH �WUDFFLDWXUD GL SDUWLFHOOH���
� *UD]LH�DOOH�SHFXOLDULWD·�GL�TXHVWL�ULYHODWRUL��RWWLPD�ULVROX]LRQH�VSD]LDOH��FRPSDWWH]]D��YHORFLWD·��

² H·�VWDWR�SRVVLELOH OR�VWXGLR�GHOOD�ILVLFD�GHL�IODYRXU�SHVDQWL
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3DUWLFHOOH FRQ IODYRXU�SHVDWH �%��'� WDX��
� 9LWD�PHGLD�GHOO·RUGLQH�GL ��SV�
� 'HFDGRQR D�FLUFD���PP GDO�YHUWLFH�SULPDULR�GHOO·LQWHUD]LRQH�SURGXFHQGR�YHUWLFL�VHFRQGDUL
� /H�WUDFFH�FKH�SURYHQJRQR�GD�YHUWLFL�VHFRQGDUL�KDQQR�HOHYDWR�SDUDPHWUR�G·LPSDWWR
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5LYHODWRUL DO VLOLFLR�QHO�FXRUH GHOVLVWHPD�GL�WUDFFLDWXUD
� )RUQLVFRQR�SXQWL DG HOHYDWD�ULVROX]LRQH�YLFLQR�DOOD�]RQD�G·LQWHUD]LRQH SHU HVWUDSRODUH OHWUDFFH DO SXQWR�G·LQWHUD]LRQH R QHOOH�YLFLQDQ]H
� 0LJOLRUDQR OD ULVROX]LRQH�VXO�SDUDPHWUR�G·LPSDWWR H SHUPHWWRQR OD ULFRVWUX]LRQH�GHL�YHUWLFL�VHFRQGDUL�
� )RQGDPHQWDOL�SHU�OD�ILVLFD�GHL�IODYRXU�SHVDQWL�

² ,GHQWLILFD]LRQH�GL�HYHQWL GL�E�LQ�SUHVHQ]D�GL�WUDFFHDG�DOWR SDUDPHWUR�G·LPSDWWR
² 0LVXUH�GL YLWD�PHGLD GDOOD�ULFRVWUX]LRQH�GHOOD�OXQJKH]]D�GL�GHFDGLPHQWR�R�GHO�SDUDPHWUR�G·LPSDWWR
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5LVROX]LRQH�VXOOD�OXQJKH]]D�GL�GHFDGLPHQWR�FRQ�H�VHQ]D�9'(7��$/(3+�
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7KH�WLPHVFDOH�RI�HYROXWLRQ«�
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3HUFKH·�LO�VLOLFLR�SHU�OD�WUDFFLDWXUD"��
� 3HUPHWWH�HOHYDWD�VHJPHQWD]LRQH�H SUHFLVLRQH�GL�SRFKL�XP�VXO�SXQWR�
� $OWD�YHORFLWD·��UDFFROWD·�GL�FDULFD�LQ�a���QV��
� %DVVD HQHUJLD �����H9��SHU�FUHDUH�FRSSLD�HOHWWURQH� ODFXQD��a���H9�JDV�
� $OWD�GHQVLWD·�H�QXPHUR�DWRPLFR�

² ULODVFLR�GL�HQHUJLD�LQ�����XP�GL�6L�a�������H�K�
� 6ROLGR�H FRPSDWWR
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'RPDQGH 3DUDPHWUR�ILVLFR
� 4XDQWD�HQHUJLD�SHUGH�OD�SDUWLFHOOD
� 4XDQWD�FDULFD�SURGXFH

� 4XDQWD�FDULFD�ULHVFR D�UDFFRJOLHUH
� 5LHVFR�D�GLVWLQJXHUOD�GD�UXPRUH

� ρ, =��VSHVVRUH
G(�GO �ρ [������0H9�J�FP��

� (,� �(QHUJLD�GL�LRQL]]D]LRQH4� �T��∆(��(,�

� 0RELOLWD·�
9LWD�PHGLD�GHL�SRUWDWRUL
,QWUDSSRODPHQWR

� &RUUHQWH�GL�OHDNDJH
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(·�QHFHVVDULR�
� (QHUJLD�GL�LRQL]]D]LRQH�SLFFROD�

² (L�������H9�
� 0RELOLWD·�HOHYDWD
� 9LWD�PHGLD�GHL�SRUWDWRUL�HOHYDWD�

² WDX!����XV
� /HDNDJH�EDVVR

² 3RFKL�SRUWDWRUL�OLEHUL�D�WHPSHUDWXUD�DPELHQWH
� 4XHVWH�FDUDWWHULVWLFKH�VL�WURYDQR�LQ�6L��*H��*D$V� �VHPLFRQGXWWRUL�
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*OL�HOHWWURQL�GL YDOHQ]D VRQR�XVDWL�SHU�FRVWUXLUH�LO�OHJDPH�IUD�GXH�LRQL�DGLDFHQWL��6LOLFLR�H�JHUPDQLR��L�VHPLFRQGXWWRUL�SL��FRPXQL��KDQQR�OHJDPL�FRYDOHQWL�
Sia il silicio che il germanio hanno una struttura cristallina come indicato, cioè hanno un 
legame tetravalente.

Il silicio ha in totale 14 elettroni di cui 4 di valenza Î il nucleo ionico ha carica +4.

Siccome gli elettroni di valenza servono ad unire gli atomi adiacenti, sono strettamente legati al 
nucleo a 0 K Î bassa conducibilità.

&ULVWDOOR�GL�6LOLFLR&ULVWDOOR�GL�6LOLFLR
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6WUXWWXUD�D�EDQGH�QHL�FULVWDOOL

� /D�VWUXWWXUD�GHOOH�EDQGH��JDS��ODUJKH]]H� GLSHQGH�GDO�WLSR�GL�FULVWDOOR
� /·RFFXSD]LRQH�GHOOH�EDQGH�GLSHQGH�GDO�QXPHUR�GL�HOHWWURQL�GLVSRQLELOL��SRVL]LRQH�QHOOD�WDYROD�SHULRGLFD�
� /·XOWLPD�EDQGD�FRPSOHWDPHQWH�RFFXSDWD�H·�GHWWD�GL�YDOHQ]D��TXHOOD�VXFFHVVLYD�GL�FRQGX]LRQH

� /D�VWUXWWXUD�FULVWDOOLQD�WUDVIRUPD�, OLYHOOL�DWRPLFL�GLVFUHWL�LQ�EDQGH�GL�HQHUJLD�FRQWLQXH�
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&RQGXWWRUL�6HPLFRQGXWWRUL�,VRODQWL&RQGXWWRUL�6HPLFRQGXWWRUL�,VRODQWL
�,Q�XQ�PHWDOOR�EDQGD�GL�FRQGX]LRQH�H�GL�YDOHQ]D�VRQR�VRYUDSSRVWH��Î
PROWL�HOHWWURQL�OLEHUL�H�DOWD�FRQGXFLELOLWj��Qa���� HOHWWURQL�FP��
�,Q�VHPLFRQGXWWRUL�HG�LVRODQWL�EDQGD�GL�YDOHQ]D�H�GL�FRQGX]LRQH��VRQR�VHSDUDWH�
,VRODQWL�(J ≥ ��H9
6HPLFRQGXWWRUL�(J ≤ ��H9�
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3RUWDWRUL�DOO·HTXLOLEULR�WHUPLFR
� 3UREDELOLWD·�GL�RFFXSD]LRQH��)HUPL�'LUDF�I�(�
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'HQVLWD·�GL�SRUWDWRUL�LQ��VHPLFRQGXWWRUL�LQWULVHFL�
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6HPLFRQGXWWRUL�GURJDWL
� 'URJDJJLR��VRVWLWX]LRQH�GL�XQ�DWRPR�GHO�FULVWDOOR�FRQ�XQ�HOHPHQWR�GLYHUVR��VHPLFRQGXWWRUL�HVWULQVHFR�
� 'URJDQWL�LQWURGXFRQR�OLYHOOL�HQHUJHWLFL�

² 3LHQL�YLFLQL�D� (F  �WLSR�Q� �GRQRUL���9�JUXSSR����H� YDOHQ]D��3�$V��
² 9XRWL�YLFLQL�D�(Y� �WLSR�S� �DFFHWWRUL���,,,�JUXSSR����H�YDOHQ]D��%��*D��
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'HQVLWD·�GL�SRUWDWRUL�LQ�VHPLFRQGXWWRUL�GURJDWL
� /HJJH�GL�D]LRQH�GL�PDVVD�VHPSUH�YDOLGD Q�S QL�� /LYHOOR�GL�)HUPL�QHL�VHPLFRQGXWWRUL�GURJDWL�VL�VSRVWDYHUVR (F �WLSR Q��R�YHUVR (Y �WLSR S��

² Q QL�H[S>�()�(L��N7@² S QL�H[S>�(L�()��N7@� $VVXQ]LRQL�
² 6HPLFRQGXWWRUL�WLSR Q��

� /LYHOOL�GRQRUL�WXWWL�LRQL]]DWL�Q 1' SRUWDWRUL�PDJJLRULWDUL
² Q HOHWWURQL�LQ�E��FRQGX]LRQH��1' GHQVLWD·�GL�GURJDQWH�GRQRUH² 'HQVLWD·�GL�ODFXQH �SRUWDWRUL�GL�PLQRUDQ]D��S QL��1'² 6HPLFRQGXWWRUL�WLSR S�

� /LYHOOL�DFFHWWRUL�WXWWL�RFFXSDWL S 1$ SRUWDWRUL�PDJJLRULWDUL
² S ODFXQH LQ�E� YDOHQ]D��1$ GHQVLWD·�GL�GURJDQWH�DFFHWWRUH² 'HQVLWD·�GL�HOHWWURQL��SRUWDWRUL�GL�PLQRUDQ]D��Q QL���1$
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5LDVVXQWR�SURSULHWD·�GHO�6L
¾ 1HO�VLOLFLR�SXUR�(J (F�(Y �����H9 HG�QL ����[���� FP�� D�WHPSHUDWXUD�DPELHQWH��1HL�VLOLFL�GURJDWL��Q�R�S��DQFKH�FRPSHQVDWL��Q 1'�1$��QRQ�VL�ULHVFH�D�ULGXUUH�OD�GHQVLWD·�GL�SRUWDWRUL�DO�GL�VRWWR�GL����� FP��
¾ ,Q�XQ�VLOLFLR�GL�VXSHUILFLH��FP� H�VSHVVRUH����µP DEELDPR����[��� SRUWDWRUL�GL�FDULFD��PD�XQD�SDUWLFHOOD�DO�PLQLPR��0,3��FUHD�FLUFD����[��� FRSSLH�H�K�Î 6�1a���� Î LPSRVVLELOH�YHGHUH�XQ�VHJQDOH�
¾ ,O�FRQWUROOR�GHO�OHDNDJH QRQ�H·�SRVVLELOH�FRQ�LO�GURJDJJLR�XQLIRUPH
¾ 6L�SXz PLJOLRUDUH�OD�VLWXD]LRQH�UDIIUHGGDQGR�LO�VLOLFLR��QRQ�PROWR�SUDWLFR��R�VYXRWDQGROR��GHSOHWLQJ��Æ QHOOD�UHJLRQH�GL�VYXRWDPHQWR�R�GL�FDULFD�VSD]LDOH�OD�GHQVLWD· GL�SRUWDWRUL�OLEHUL�H·PROWR�ULGRWWD
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/D�JLXQ]LRQH�S/D�JLXQ]LRQH�S��QQ
&RQVLGHULDPR���SH]]L�GL�VLOLFLR�XQR�GL�WLSR�S H�O·DOWUR�GL�WLSR�Q H�DWWDFFKLDPROL�O·XQR�DOO·DOWUR�
1RUPDOPHQWH�LO�S� q SL� GURJDWR�GHOO· Q�
9DORUL�WLSLFL�GL�GURJDJJLR�VRQR�������FP���Q��H������FP���S� �PROWR�PLQRUL�FKH�QHL�FLUFXLWL�LQWHJUDWL�H�GLRGL�R�WUDQVLVWRU��QHL�TXDOL�OD�FRQFHQWUD]LRQH�q a����������FP� �
1HOOD�IDEEULFD]LRQH�GHO�VLOLFLR�XWLOL]]DWR�SHU�ULYHODWRUL�H·IRQGDPHQWDOH�LO�FRQWUROOR�GHO�OLYHOOR�GL�LPSXUH]]H��
�����DWRPL�FP���GURJDJJLR������FP��⇒ LPSXUH]]H�DO�GL�VRWWR�GL���SDUWH�LQ�����
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Regione di svuotamento non ci 
sono portatori di carica liberi.

Nessuna carica libera nella regione di 
svuotamento

Gli elettroni diffondono nel p , le 
lacune nell’n
→ si crea una differenza di 

potenziale Æ la diffusione si ferma

(A. Peisert, Instrumentation In High Energy 
Physics, World Scientific)
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*LXQ]LRQH�QRQ�SRODUL]]DWD*LXQ]LRQH�QRQ�SRODUL]]DWD
/·DOWH]]D�GHOOD�EDUULHUD�GL�SRWHQ]LDOH�9G q �

OD�]RQD�GL�VYXRWDPHQWR�q LQ�JHQHUH�SLFFROD�

6H�1D!!1G [Q!![S OD�]RQD�GL�VYXRWDPHQWR�q TXDVL�WXWWD�GDO�ODWR�GHOOD�JLXQ]LRQH�Q �PHQR�GURJDWD��TXLQGL�
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Si è risolta l’equazione di Poisson
d2V/dx2= -ρ(x)/ε e si è assunta una 
densità di carica ρ(x) uniforme .

ρ(x)=qND per   0<x<xn

ρ(x)=qNa per   -xp<x<0
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*LXQ]LRQH�SRODUL]]DWD�LQYHUVDPHQWH�FRPH�*LXQ]LRQH�SRODUL]]DWD�LQYHUVDPHQWH�FRPH�
ULYHODWRUH�GL�SDUWLFHOOHULYHODWRUH�GL�SDUWLFHOOH

� 3RODUL]]DQGR�LQYHUVDPHQWH�LO�GLRGR �9%a���9�D�Q���Æ OD�]RQD�GL�FDULFD�VSD]LDOH�LQ�FXL�H· SUHVHQWH�LO�FDPSR�HOHWWULFR�VL�HVWHQGH�Æ GLRGR�FRPSOHWDPHQWH�VYXRWDWR�Ga[Qa��ε9%�T1G����

� ,O�GHSRVLWR�GL�HQHUJLD�QHOOD�]RQD�FRPSOHWDPHQWH�VYXRWDWD��GRYXWR�DO�SDVVDJJLR�GHOOD�SDUWLFHOOD�FDULFD��FUHD�GHOOH�FRSSLH�OLEHUH�H�ODFXQD�
� 1HO�FDPSR�HOHWWULFR��JOL�HOHWWURQL�GHULYDQR�YHUVR�LO�ODWR�Q��OH�ODFXQH�YHUVR�LO�ODWR�S�LQGXFHQGR�XQ�VHJQDOH�VXJOL�HOHWWURGL�GL�UDFFROWDÆ FRUUHQWH�ULYHODELOH
� /D�]RQD�VYXRWDWD�GDL�SRUWDWRUL�H· OD�SDUWH�DWWLYD�GHO�ULYHODWRUH�SHUFKH· LO�FDPSR�( ≠ �
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*�5L]]R Rivelatori al silicio ��

6FKHPD�GL�ULYHODWRUH�DO�6LOLFLR
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*�5L]]R Rivelatori al silicio ��

0RWLYD]LRQL�VFHOWH�WHFQLFKH
� 6LOLFLR�Q�W\SH���NΩ�FP� 'LVSRQLELOLWD· H�FRVWR
� 'URJDJJLR�Q�� GHILQLVFH OD�ILQH�GHOOD�]RQD�VYXRWDWD�H�IRUPD�XQ�EXRQ�FRQWDWWR�RKPLFR
� 'URJDJJLR�S�� SHU�IDUH�OD�JLXQ]LRQH�
� &RQWDWWR�$O��FROOHJDPHQWR�HOHWWULFR��$O�IDFLOH�GD�GHSRVLWDUH�H�IRUPD�EXRQ�FRQWDWWR
� 2VVLGR�6L2� � 3DVVLYD]LRQH�HYLWD�FKH�DOOD�VXSHUILFLH�GHO�6L�UHVWLQR�OHJDPL�QRQ�FKLXVL�FKH�IRUPDQR�FHQWUL�GL�LQWUDSSRODPHQWR�H�JHQHUD]LRQH
� ����XP��WHFQRORJLD�HOHWWURQLFD�2.����������XP�



*�5L]]R Rivelatori al silicio ��

5LODVFLR�GL�FDULFD�QHO�6LOLFLR
� (,  �����H9��!�(J����² WUDQVL]LRQL�LQGLUHWWH

Valore + probabile

Valor medio

n

�0�,�3��ULODVFLDQR�
²������H� ������XP
²)OXWWXD]LRQL�GL /DQGDX

� 1HFHVVLWD·�GL�
² EDVVR�OHDNDJH
² (OHWWURQLFD�D�EDVVR�UXPRUH

(, (*
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&RQWULEXWL�DOOD�FRUUHQWH�GL�OHDNDJH

� &HQWUL�GL�JHQHUD]LRQH�QHO�YROXPH
² ,/ α ;G α �1G���� ≤ ���Q$�FP������XP
² ,PSRUWDQWH�OD�TXDOLWD· GHO�PDWHULDOH�H�GHO�SURFHVVR�GL�IDEEULFD]LRQH

� *HQHUD]LRQH�VXSHUILFLDOH��YLHQH�ULGRWWD�FRQ
² 2VVLGR�GL�EXRQD�TXDOLWD·�
² $QHOOL�GL�JXDUGLD�FKH�OD�DVVRUERQR

)1( /
0 −= kTqVeII

��P$

��X$
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3/27�,�9
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&�9

� 97'� �WHQVLRQH�GL�VYXRWDPHQWR�WRWDOH
� &'� �&DSDFLWD·�GL�ODYRUR�GHO�ULYHODWRUH

� 6H�JOL�HOHWWURGL�VRQR�VXGGLYLVL�FL�VRQR�DOWUL�FRQWULEXWL�DOOD�FDSDFLWD·��

Vx
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d
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*�5L]]R Rivelatori al silicio ��

)RUPD]LRQH�GHO�VHJQDOH

� ,O�PRWR�GHOOD�FDULFD LQGXFH�VXJOL�HOHWWURGL�

� 7HPSR�GL�UDFFROWD������GHOOD�FDULFD�

� ,O�VLOLFLR H·�YHORFH�

( ))/exp(1)( ερttq −∝

nse 102 =≈ ερτ eeheh ττµµτ 3/ ≈= cmk ⋅Ω= 5ρ

�9

�

G
��
��
��
��
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5LYHODWRUL�D�PLFURVWULS�
� 6WUXWWXUD�JHRPHWULFD�H�FDUDWWHULVWLFKH�HOHWWULFKH
� 7HFQRORJLD�GL�SURGX]LRQH
� 5XPRUH�QHOOD�OHWWXUD
� 5LVROX]LRQH
� /HWWXUD�VXOOH�GXH�IDFFH



*�5L]]R Rivelatori al silicio ��

6FKHPD�ULYHODWRUH�D�VWULS
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'HWWDJOLR�PDVFKHUH�S��VLGH



*�5L]]R Rivelatori al silicio ��

'HWWDJOLR�PDVFKHUH�Q��VLGH



*�5L]]R Rivelatori al silicio ��

)DEULFDWLRQ
� 8VH�YHU\�SXUH�PDWHULDO

² +LJK�UHVLVWLYLW\
� /RZ�ELDV�WR�GHSOHWH�GHYLFH

² (DV\�RI�RSHUDWLRQ��DZD\�IURP�EUHDNGRZQ��FKDUJH�VSUHDGLQJ�IRU�EHWWHU�SRVLWLRQ�UHVROXWLRQ
² /RZ�GHIHFW�FRQFHQWUDWLRQ

� 1R�H[WUD�FXUUHQW�VRXUFHV
� 1R�WUDSSLQJ�RI�FKDUJH�FDUULHUV

� 3ODQDU�IDEULFDWLRQ�WHFKQLTXHV
² 0DNH�S�L�Q�GLRGH
² SDWWHUQ�RI�LPSODQWV�GHILQH�W\SH�RI�GHWHFWRU��SL[HO�VWULS�
² H[WUD�JXDUG�ULQJV�XVHG�WR�FRQWURO�VXUIDFH�OHDNDJH�FXUUHQWV
² PHWDOOLVDWLRQ VWUXFWXUH�HIIHFWV�(�ILHOG�PDJ ⇒ OLPLWV�PD[�ELDV



*�5L]]R Rivelatori al silicio ��

)DEULFDWLRQ
� .H\�WR�XVH�RI�6L�LV�WKH�SURFHVVLQJ
� 3KRWROLWKRJUDSK\

Organic Photoresist usually “spun” on

Photoresist forms a layer a few 
microns thick in 30s



*�5L]]R Rivelatori al silicio ��

3DWWHUQLQJ
� 3KRWRUHVLVW�H[SRVHG�XVLQJ�D�´PDVNµ
� 0DVN�FRQWDLQV�WKH�GHVLJQ�DQG�LV�SURGXFHG�ZLWK�H�EHDP�OLWKRJUDSK\

² IHDWXUH�VL]H�GRZQ�WR�����PLFURQV
� 1HJDWLYH�RU�3RVLWLYH



*�5L]]R Rivelatori al silicio ��

(WFKLQJ
� 1HJDWLYH�3URFHVV
� &KHPLFDO�HWFK

² H[SRVHG�SDUW�XQDIIHFWHG�E\�HWFK��
� ([SRVHG�SDWWHUQ�PD\�EH�UHPRYHG�ODWHU

² VHFRQG�HWFK



*�5L]]R Rivelatori al silicio ��

([DPSOH��$OXPLQLXP OLQH
� 'HSRVL]LRQH�$OOXPLQLR
� 'HSRVL]LRQH�)RWRUHVLVW
� (VSRVL]LRQH SDWWHUQ�VX�IRWRUHVLVW
� 5LPR]LRQH���UHVLVW � $OOXPLQLR QRQ�ULFRSHUWR��UHVLVW�UHVLGXR
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)DEULFDWLRQ�VWHSV



*�5L]]R Rivelatori al silicio ��

6LPSOH�6WULS�'HWHFWRU
� 2[LGH�SDVVLYDWLRQ
� :LQGRZV
� 'RSLQJ

² %
² $V

� $O�0HWDOOL]DWLRQ
� $O�SDWWHUQLQJ
� 5HDU�&RQWDFW

SiO2
Al

n+

p+
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�'�VWULSV

Al

Si



*�5L]]R Rivelatori al silicio ��

)DEULFDWLRQ
� 7ULFNV�IRU�ORZ�OHDNDJH�FXUUHQWV

² ORZ�WHPSHUDWXUH�SURFHVVLQJ
� VLPSOH��FKHDS
� PDUJLQDO�DFWLYDWLRQ�RI�LPSODQWV��FDQ·W�XVH�,&�WHFK

² JHWWHULQJ
� YHU\�HIIHFWLYH�DW�UHPRYDO�RI�FRQWDPLQDQWV
� FRPSOH[



*�5L]]R Rivelatori al silicio ��

6RUJHQWL�GL�UXPRUH

� 6KRW�1RLVH
� 7KHUPDO�1RLVH
� 3UHDPSOLILHU�1RLVH

6FKHPD�GL�OHWWXUD

timepeakingP −=τ
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I
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*�5L]]R Rivelatori al silicio ��

5LVROX]LRQH������
� /HWWXUD�GLJLWDOH��6,�12�

² 'LVWULEX]LRQH�XQLIRUPH�QHOO·DUHD�
VRWWHVD�GD�XQD�VWULVFLD

² 3UREDELOLWD·�GL�DYHUH�∆ �� [PLV�[LQF���FRQ�LOOXPLQD]LRQH�XQLIRUPH
� 'LYLVLRQH�GL�FDULFD FRQ�OHWWXUD�DQDORJLFD

² 3HUPHWWH�GL�DYHUH�EXRQH�
ULVROX]LRQL�VHQ]D�GLYHUJHUH�
FRQ�L�FDQDOL�GL�OHWWXUD

SLWFK

12

p=σ

�3�� �3��

22

2

12

/
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
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= FNp
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pσ
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SLWFK

1) VWULVFH�IORWWDQWL
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*�5L]]R Rivelatori al silicio ��

5LYHODWRUL�D�GRSSLD�IDFFLD
� 6L�UDFFROJRQR�VLD�EXFKH�FKH�HOHWWURQL�
� 0LQRU�PDWHULDOH�D�SDULWD·�GL�LQIRUPD]LRQL
� 0DJJLRUH�FRPSOHVVLWD·�WHFQLFD
� 0DJJLRU�FRVWR

� 1RQ�EDVWD�VXGGLYLGHUH�O·HOHWWURGR�VXO�ODWR�SRVWHULRUH�D�FDXVD�GHOO·DFFXPXOR�GL�FDULFD�VXSHUILFLDOH

p-stops

+++++++++
-------- ---- n+n+

� 6ROX]LRQH�VYLOXSSDWD�D�3LVD��·����
VWULS�S��SHU�LQWHUURPSHUH�OR�VWUDWR�GL�DFFXPXOD]LRQH�GL�H� FKH�FRUWRFLUFXLWHUHEEH�WXWWH�OH�VWULS�Q�
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*�5L]]R Rivelatori al silicio ��

WKH�%D%DU 6LOLFRQ�9HUWH[�7UDFNHU�
7UDFNHUV�IRU�WKH�%�IDFWRULHV�



*�5L]]R Rivelatori al silicio ��

%%��IDFWRULHV�SULPDU\�JRDO�IDFWRULHV�SULPDU\�JRDO�
� 6WXG\�RI�&3�DV\PPHWULHV�LQ�%�GHFD\V
�%UDQFKLQJ�5DWLRV�a�����������

� 2YHUFRQVWUDLQ &.0�
PDWUL[�SDUDPHWHUV 0DLQ�697�SK\VLFV�UHTXLUHPHQWV�0DLQ�697�SK\VLFV�UHTXLUHPHQWV�

� 697�VWDQGDORQH�WUDFNLQJ�IRU�SW������0H9�F�ZLWK��KLJK�HIILFLHQF\����
� 6LQJOH�YHUWH[�UHVROXWLRQ�DORQJ�����]�D[LV�EHWWHU�WKDQ����µP���∆]!�RI�%�PHVRQV�DERXW�����µP�
� 5DGLDWLRQ�KDUG�XS�WR���0UDG

Beam Pipe 27.8mm radius

Layer 5a

Layer 5b

Layer 4b

Layer 4a

Layer 3

Layer 2

Layer 1

3K\VLFV�5HTXLUHPHQWV



*�5L]]R Rivelatori al silicio ��

3(3�,,�FRQVWUDLQWV�
� 3HUPDQHQW��%���GLSROH�PDJQHWV�UHVWULFW�SRODU�DFFHSWDQFH������R�� θ �����R
� %XQFK�FURVVLQJ�SHULRG������QV��DOPRVW�FRQWLQXRXV�LQWHUDFWLRQV���� 5DGLDWLRQ�KDUGQHVV
� 0LFURVWULS VLOLFRQ�GHWHFWRU����GRXEOH�VLGHG�OD\HUV�� &RPSOHWHO\�LQGHSHQGHQW�PHFKDQLFDOO\�IURP�%D%DU� /D\HU������EDUUHO�VKDSHG� IRU�D�SUHFLVH�PHDVXUHPHQW�RI�WUDFN�LPSDFW�SDUDPHWHU� /D\HU������DUFK�VKDSHG� IRU�SDWWHUQ�UHFRJQLWLRQ�DQG�ORZ�SW�WUDFNLQJ� ;��6L�� ��FP���PXOWLSOH�VFDWWHULQJ�LV�WKH�OLPLWLQJ�IDFWRU�WR�WKHUHVROXWLRQ� ����N�FKDQQHOV������ZDIHUV����GLIIHUHQW�PRGHOV�

697�/D\RXW



*�5L]]R Rivelatori al silicio ��

Bias line p+ Implant

AlP_side

Polysilicon
bias resistor

50 µm

P-stop
n+ Implant

Polysilicon
bias resistor Guard ring

55 µm

� 'RXEOH�VLGHG��$&�FRXSOHG�6L� ,QWHJUDWHG�SRO\VLOLFRQ�ELDV�UHVLVWRUV� ����µP�Q�W\SH������NΩFP�� 3��DQG�Q��VWULSV�SHUSHQGLFXODU�WR�����HDFK�RWKHU

N_side

Guard ring



*�5L]]R Rivelatori al silicio ��

7KH�$7R0�&KLS�$ 7LPH�RYHU�7KUHVKROG�0DFKLQH�

5.7 mm

8.3 m
m

� ����&K·V�FKLS� 5DG�+DUG�EXON�����PP�&026�SURFHVV�+21(<:(//��µ�
� &DSDEOH�RI�VLPXOWDQHRXV��$FTXLVLWLRQ��'LJLWL]DWLRQ�6SDUVLILHG 5HDGRXW
� 1R�FRPPRQ�PRGH�QRLVH���VHSDUDWLRQ�DQDORJ�GLJLWDO�SDUWV�LQ�WKH�FKLS�OD\RXW�SURSHU�V\VWHP�VKLHOGLQJ�
� ,QIR�IURP $7R0��7LPHVWDPS�7��DQG�727�� ,QWHUQDO�FKDUJH�LQMHFWLRQ� 'LJLWDO�EDVHG�GLDJQRVWLFV�
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*�5L]]R Rivelatori al silicio ��

)DQRXW FLUFXLWV�SURYLGH�
HOHFWULFDO�FRQQHFWLRQV�
EHWZHHQ�WKH�GHWHFWRU
VWULS�DQG�WKH�IURQW�HQG�
FKLS
3URSHUWLHV�
&X��&U�DQG�$X��OD\HU�RQ�
DQ�8SLOH[ VXEVWUDWH�
����µP�WKLFN���������;��
&� ����� S)�FP
5� ���Ω�FP

)DQRXWV�
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/������������/�������������/��$�%���������/��$�%���������

697�0RGXOH���/D\HU:
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� D�WRWDO�RI�����KDOI�PRGXOHV������UHDGRXW�VHFWLRQV�� 1R�IDLOXUHV�GXH�WR�UDGLDWLRQ� 2QO\�� VHFWLRQV�DUH�QRW�SUHVHQWO\�UHDG�RXW�

6WDWXV�RI�PRGXOHV

%D%DU�697�QRW�DFFHVVLEOH�DQG�D�VKXWGRZQ�WR�H[WUDFW�LW�UHTXLUHV�DW�OHDVW�IRXU�PRQWKV��
5HOLDELOLW\�UHGXQGDQF\�RI�HYHU\�SDUW�LV�FULWLFDO��
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7'5�WDUJHW�IRU�SHUSHQGLFXODU�WUDFNV�S�!���*H9�
/D\HU�����������µP/D\HU�����������µP

3HUIRUPDQFH�² KLW�UHVROXWLRQ
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+LW�HIILFLHQF\�LV�W\SLFDOO\����� 6ORZ�SLRQ�HIILFLHQF\���!�����IRU�SW!���0H9�F

3HUIRUPDQFH�² KLW�HIILFLHQF\
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SVT dE/dx versus momentum
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'RVH�UDWH�LQ�WKH�LQWHUDFWLRQUHJLRQ�LV�PXFK�KLJKHU�WKDQ�H[SHFWHG�IURP�GHVLJQ��LW�ZDV�� 05DG �����\HDUV��

7KH�697�KDV�EHHQ�GHVLJQHGNHHSLQJ�D�ELJ�VDIHW\�PDUJLQLQ�WKH�UDGLDWLRQ�KDUGQHVV

EXW

5DGLDWLRQ�EXGJHW

0RUDO��WKHUH·V�QR�VXFK�WKLQJ�DV�BWRRB�UDGLDWLRQ�KDUG
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([SHFWHG�GDPDJH�WR�WKH�VHQVRUV
,QFUHDVH�LQ�OHDNDJH�FXUUHQW

Radiation (KRad)
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Layer 1 Module 5

BiasN+EdgeN
BiasP
EdgeP

0.5-0.7 µA/Mrad/cm2 @ T=17oC

,UUDGLDWLRQ�WHVWV�DW�(OHWWUD �7ULHVWH��DQG�6/$&

,Q�IXOO�DJUHHPHQW�ZLWK�PHDVXUHPHQWV�RQ�WKH�UHDO�697

&KDQJH�LQ�GHSOHWLRQ�YROWDJH�DQG�W\SH�LQYHUVLRQ
6HYHUDO�WHVW�ZLWK�HOHFWURQV�LQ�WKH�*H9 UDQJH������WR���*H9�
$IWHU�W\SH�LQYHUVLRQ�GHWHFWRU�IXQFWLRQDOLW\�VWLOO�ORRN�2.
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'URS�LQ�&KDUJH�&ROOHFWLRQ�(IILFLHQF\�

Q�VLGH S�VLGH
ε  ����������

ε  ����������'HW ,

'HW ,,

7RWDO�GRVH����0UDGV�

1RUPDOL]HG�(IILFLHQF\
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([SHFWHG�GDPDJH�WR�WKH�HOHFWURQLFV�

,QFUHDVH�LQ�QRLVH���������0UDG�
'HFUHDVH�LQ�JDLQ��������0UDG�

6KLIW�LQ�FKDQQHO�SHGHVWDO

*DLQ GHFUHDVH�a����0UDG

1RLVH LQFUHDVH�a�����0UDG

1R�GLJLWDO�IDLOXUH�REVHUYHG�XS�WR���05DGV�

5DGLDWLRQ�WHVWV�SHUIRUPHG�RQ�$WRP�FKLSV�LQ������XVLQJ�&R��VRXUFHV�DW�6/$&�DQG�/%/�DQGPRUH�UHFHQWO\�ZLWK�HOHFWURQVDW�(OHWWUD �7ULHVWH�

,Q�WKH�UHDO�V\VWHP�WKH�JDLQ�GHFUHDVHV E\�a���0UDG��QRLVH�LQFUHDVHV E\��������0UDG
�!�([DFWO\�WKH�VDPH�QXPEHUV�ZH�IRXQG�ZLWK�WKH���&R
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SVT L1-Signal/Noise vs dose
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$OWUL�ULYHODWRUL�DO�6LOLFLR
� 5LYHODWRUL�D�SL[HO�LEULGL
� &&'
� 6LOLFRQ�'ULIW�&KDPEHU
� 5LYHODWRUL��'
� 5LYHODWRUL�D�SL[HO�PRQROLWLFL�&026
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7KH���'�GHYLFH
� &R�D[LDO�GHWHFWRU

² $UUD\HG�WRJHWKHU
� 0LFURQ�VFDOH

² 86(�/DWHVW�0(0�WHFKQLTXHV
� 3L[HO�GHYLFH

² 5HDGRXW�HDFK�S��FROXPQ
� 6WULS�GHYLFH

² &RQQHFW�FROXPQV�WRJHWKHU



*�5L]]R Rivelatori al silicio ��Proposed by S.Parker, Nucl. Instr. And Meth. A 395 pp. 328-343(1997).

Equal detectors 
thickness

W2D>>W3D

h+

e-

-ve +veSiO2

W3D

E

Bulk

h+

e-

+ve

E

p+

n

n+

2SHUDWLRQ�RI��'

Carriers drift total 
thickness of material

Carriers swept horizontally
Travers short distance between electrodes

W2D

+ve -ve-ve -ve
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$GYDQWDJHV�RI��'
� ,I�HOHFWURGHV�DUH�FORVH

² /RZ�IXOO�GHSOHWLRQ�ELDV
² /RZ�FROOHFWLRQ�GLVWDQFHV
² 7KLFNQHVV�127�UHODWHG�WR�FROOHFWLRQ�GLVWDQFH
² 1R�FKDUJH�VSUHDGLQJ
² )DVW�FKDUJH�VZHHS�RXW
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&026�0$36
8VH�HSLWD[LDO OD\HU�RI�&026�ORZ�UHVLVWLYLW\ VXEVWUDWH�WR�FROOHFW�FKDUJH��WKHUPDO�GLIIXVLRQ�
3RWHQWLDO�IRU�ORZ�FRVW�DQG�YHU\�VPDOO�WKLFNQHVV��UHGXFHG�VXEVWUDWH��
5DGLDWLRQ�KDUG�LI�XVLQJ�VXE�PLFURQ�&026�SURFHVV

8QWLO�QRZ��PLQLVFXOH�SL[HO�VL]H��D�IHZ�XP��SUHYHQWV�XVDJH�
LQ�ODUJH�V\VWHP

/RZ�SRZHU�FRQVXPSWLRQ �FLUFXLWU\�DFWLYH�RQO\�GXULQJ�UHDG�RXW�


