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The Run IIB Silicon Upgrade

Outline

o Run IIA silicon: what's there and how it got there
o High luminosity Run IIB: Higgs sought 
o Some problems, some solutions: the upgrade
o UCD plans

Physics 295 (not a free lunch...)
Feb. 20, 2002
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Quadrant of CDF II Tracker

LAYER 00
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SVX II: 3 Barrels, 5 Layers
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Simulation: Run II CDF Si

Open Inventor based ROOT based



Vertex ‘99, 6/21-25/1999       p. 17

CDF

CDF Run II SiliconAlan Sill, Texas Tech University

SVX II Ladders
SVX II half ladder, consisting of two silicon
sensors wirebonded with the readout
electronics mounted on the first 
sensor.

Si Sensors

Electrical Component
Hybrid

SVX3 Chips

HDI cable

Rohacell/Carbon
 SupportWirebonds

Wirebonds

Bridge 
Connection
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SVX3D R/O Chip

SVX3FE                                 SVX3BE
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Analog Section              Digital Section

Counter

Analog Pipeline

128 Channels

Pipeline Control Logic

• Rad-hard 0.8 um Honeywell CMOS

• Tested to ~ 4 MRad

• Deadtimeless

• Dynamic pedestal subtraction

• Common to all Run II CDF
silicon projects
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SVX3D R/O Chip
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UCD Students on Run IIA Silicon

o UCD students on Run IIA silicon (ISL and Layer 00):
	 – Sasha Barioant
	 – Paul Gomez (UG, post-graduate researcher)
	 – Chris Hill (graduated, now at UCSB, co-leader of CDF Silicon)
	 –Tiffany Wilkes

Right:
Chris Hill at work
on his thesis
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Last Collab Meeting…
• SVX looked like this:

2 barrels in 
spacetube 

and
working to

finish 
Barrel-3 
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Last Collab Meeting…
• ISL looked like this:

Lots of silicon missing…
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Last Collab Meeting…

• Layer 00 was still a
cartoon…

2.2 cm

Cooling
Channel

Beryllium
Beam pipe

C Fiber
supports

SVXII
Screen
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About 2 wks later…
• SVX looked like this:

3 barrels+portcards in spacetube
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About 2 wks later…
• ISL looked like this:

1 meter
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By November…
• L00 looked like this:

Carbon fiber support shell

hybrids
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By end November…
• L00 installed inside SVX:

350 µm radial 
clearance
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By end December…
• SVX/L00 installed inside ISL:
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16-January-01: The Move

everything went exactly
as planned -
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16-January-01: The Installation

The CDF 
Run2 
Silicon

Detector
was 

installed
inside the

COT at
around 
2200 on

16-Jan-01
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CDF 5XQ��E
l )1$/�6XSSRUWV�H[WHQGHG�UXQQLQJ���a���IE���SHU�H[SHULPHQW�E\�����

l /DERUDWRU\�SURSRVHG�WKH�IROORZLQJ� ERXQGDU\�FRQGLWLRQV�IRU�WKH�5XQ�
�E�XSJUDGH�SURMHFWV��

É 7KH�EXGJHW�IRU�WKH�UHSODFHPHQW�RI�VLOLFRQ�YHUWH[�GHWHFWRUV�VKRXOG�EH�
���0��SHU�H[SHULPHQW��ZLWK�FRQWLQJHQF\

É 7KH�QHZ�GHWHFWRUV�PXVW�EH�GHVLJQHG�ZLWK�WKH�FRQILGHQFH WKDW�WKH\�ZLOO�
RSHUDWH�HIIHFWLYHO\�WKURXJKRXW�5XQ��E��ZLWK�DQ�DQWLFLSDWHG�OXPLQRVLW\�
RI�DW�OHDVW����IE��

É 7KH�LQVWDOODWLRQ�RI�DOO�GHWHFWRU�XSJUDGHV�PXVW�RFFXU�GXULQJ�D�VLQJOH�
VKXWGRZQ�RI�QR�PRUH�WKDQ�VL[�PRQWKV�GXUDWLRQ��ZLWK�UROO�RXW�DQG�UROO�LQ�
WHQWDWLYHO\�VFKHGXOHG�EHWZHHQ�2FWREHU������DQG�0DUFK������
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CDF 5XQ��E�:RUNLQJ�*URXS

l 5XQ��D�VLOLFRQ
É'HVLJQHG�WR�VXUYLYH���IE�� ZLWK�KLJK�GHJUHH�RI�FRQILGHQFH�
É 7KH�PRVW�DSSURSULDWH�UDG�KDUG�WHFKQRORJ\�DYDLODEOH�DW�WKH�WLPH

l 5XQ��E�:RUNLQJ�*URXS��$GGUHVV�WKH�IROORZLQJ�TXHVWLRQV
É *LYHQ�WKH�QHZ�OXPLQRVLW\�JRDO�KRZ�ORQJ�ZLOO�WKH�VLOLFRQ�VXUYLYH�"
É ,I�QHFHVVDU\��:KDW�DUH�WKH�VLPSOHVW�DQG�PRVW�HIIHFWLYH�VWUDWHJLHV�

IRU�UHSODFHPHQWV�"
� ,QFRUSRUDWH�DOO�RI�RXU�H[SHULHQFH�RYHU�WKH�SDVW�GHFDGH
� 8VH�QHZHU�WHFKQRORJLHV�WR�RXU�EHQHILW
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CDF 5XQ��E�6LOLFRQ�6WXG\�*URXS

Carnegie Mellon, Davis, Duke, FNAL, Hiroshima, INFN-
Padova, JINR-Pittsburgh, LBNL, New Mexico, Okayama, 

Pittsburgh, Purdue, Rutgers, Texas Tech, Toronto, Tsukuba



CDF Collaboration Sep. 21,  2000 - Incandela - page 8

CDF :RUNLQJ�*URXS�$FKLHYHPHQWV
l ,GHQWLILHG�OLIHWLPH�RI�SUHVHQW�V\VWHP�

É 7KH�LVVXH�LV�GHSOHWLRQ�YROWDJH�DQG�QRLVH
É ,PSRUWDQW�FDYHDW��7KHUH�H[LVW�D�OLPLWHG�QXPEHU�RI�GLUHFW�PHDVXUHPHQWV�LQ�

DFWXDO�7HYDWURQ�HQYLURQPHQW��7KHVH�KDYH�VRPH�LQFRQVLVWHQFLHV�
� ,RQL]LQJ�FRPSRQHQW��VXUIDFH�GDPDJH�DW���FP�

Ç 5XQ��D�GDWD�⇒ ����UDG�SE��

Ç 5XQ��E�GDWD�⇒ ����UDG�SE��

� /HDNDJH�FXUUHQWV��GDPDJH�WR�QXFOHDU�ODWWLFH�
Ç 5XQ��D�GDWD�⇒ ����Q$�VWULS�SE��

Ç 5XQ��E�GDWD�⇒ ����Q$�VWULS�SE��

� $YHUDJH�UDGLDO�GHSHQGHQFH�5�D��ZKHUH�D� �����WR����
Ç ([WUDSRODWLRQV�WR�YHU\�VPDOO�UDGLL��/����KDYH�ODUJH�XQFHUWDLQW\

É %H\RQG�WKHVH�PHDVXUHPHQWV��ZH�UHO\�XSRQ�SXEOLVKHG�UDGLDWLRQ�GDPDJH�
VWXGLHV�ZKLFK�GR�QRW�PLPLF�DFWXDO�RSHUDWLQJ�FRQGLWLRQV⇒ LQWHUSUHWDWLRQV��
XQFHUWDLQWLHV�
� 'RVH�UDWH�LV�PXFK�KLJKHU�
� 6SHFLILF�SDUWLFOH�W\SHV�DQG�HQHUJLHV�DUH�XVHG

É :KDW�HQJLQHHULQJ�VDIHW\�PDUJLQ�LV�DSSURSULDWH�"�
� /+&�LV�XVLQJ�IDFWRUV�RI�����WR����
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CDF /LIHWLPH�FDOFXODWLRQV

l 5XQ��D�GHWHFWRU�GHVLJQ��
É JXDUDQWHHG WR�ODVW���IE����VKRXOG�ODVW�ORQJHU��%XW�KRZ�ORQJ�"

l (YDOXDWH�WZR�FKDUDFWHULVWLFV�RI�HDFK�OD\HU�RQ�WKH�EDVLV�RI�
NQRZQ�RSHUDWLRQ�DQG�DYDLODEOH�GDWD�RQ�UDGLDWLRQ�GDPDJH�
É6LJQDO�WR�1RLVH�5DWLR��615��
É %LDV�YROWDJH�UHTXLUHG�IRU�IXOO�GHSOHWLRQ��9'���

l 5DG�GDPDJH�PDLQO\�QXFOHDU�UHDFWLRQV�LQ�EXON
É /HDGV�WR�ERWK�KLJKHU�OHDNDJH�FXUUHQW��,/���DQG�FKDQJH�LQ�GRSDQW�

FRQFHQWUDWLRQ�ZKLFK�DIIHFWV�WKH�GHSOHWLRQ�YROWDJH
� :H�FDQ�EHJLQ�WR�XQGHUVWDQG�,/ ZLWK�UHODWLYHO\�PRGHVW�GRVHV�
� 7R�GHWHUPLQH�9' LQ�&')�ZH�QHHG�ODUJHU�GRVHV�� L�H��5XQ��D�GDWD�

É 5XQ���GDWD��GLUHFW�QRUPDOL]DWLRQ�RI�,/�YV LQWHJUDWHG�OXPLQRVLW\�/�
,/  ������P$�[�9V�[�5���� [�/�� 9V� 6WULS�9ROXPH �XQLWV�DUH�FP�DQG�IE����
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CDF /RQJHYLW\�E\�OD\HU
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CDF $FKLHYHPHQWV����
l ,I�D�UHSODFHPHQW�LV�UHTXLUHG��:*�FRQFOXGHG�

�� &KLS → �����PLFURQ�RI�69;��DUFKLWHFWXUH�
�� '$4 → 1HZ�PLQL�3RUWFDUG�VFKHPH
�� 6HQVRUV → 6LQJOH�VLGHG�EDFN�WR�EDFN�UDG�KDUG�VWULSV
�� 0RGXOHV → $SSO\�/����&06�FRQFHSWV�DQG�PDWHULDOV
�� 0HFKDQLFV� → $SSO\�/����&06�VLPSOH�DVV·O\�VXSSRUW�FRQFHSWV
�� 0DWHULDO → 6WXGLHG�PDWHULDO�EXGJHW�	�LWV�HIIHFWV��LGHDV�IRU�OHVV�

l $QDO\VLV�RI�5XQ��D�H[SHULHQFH��+RZ�FDQ�ZH�VWUHDPOLQH�"
É 6LQJOH�VLGHG�VLOLFRQ
É 0DQ\�IHZHU�DQG�PRUH�XQLYHUVDO�FRPSRQHQWV
É 6LPSOH�DVVHPEO\�PHWKRGV
É )LQH�SLWFK�VLJQDO�FDEOHV�

l 3L[HOV
É )RUPHG�D�VXEJURXS�WR�VWXG\�IHDVLELOLW\��FRVW��VFKHGXOH�IRU�&')�XVH
É )3,;�FKLS���$7/$6�VHQVRU�PRGXOH�VXSSRUW�FRQFHSWV
É 0RUH�GHWDLOHG�ZRUN�VWLOO�UHTXLUHG�² QR�VKRZ�VWRSSHUV�
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CDF 5HVSRQVH�WR�3$&
l 2XU�DQVZHUV�WR�WKH�3$&�

É /���RQO\�UHSODFHPHQW�FRXOG�EH�
DGHTXDWH�,)
� )OXHQFHV�WXUQ�RXW�WR�EH�DW�WKH�

ORZ�HQG�RI�H[SHFWDWLRQV
� :H�FDQ�OLYH�ZLWKRXW�69;�/�
� 69;�/��FDQ�EH�ELDVHG�RU�ZH�FDQ�

OLYH�ZLWKRXW�LW�DV�ZHOO

É $Q\�SDUWLDO�UHSODFHPHQW�RI�
69;,,�/D\HUV�HQWDLOV
� &RPSOLFDWHG�FRQVWUXFWLRQ�LVVXHV
� $�OHQJWK\�VKXWGRZQ

É $�IXOO�UHSODFHPHQW�RI�69;,,�
DQG�/D\HU���
� :KLOH�LW�LQYROYHV�PRUH�QHZ�

FKDQQHOV��WKH�5XQ��E�ZRUNLQJ�
JURXS�MXGJHV�WKLV�WR�EH�DQ�HDVLHU�
DQG�OHVV�ULVN\�RSWLRQ�

� ,QYROYHV�D�PXFK�VPDOOHU�ORVV�RI�
UXQQLQJ�WLPH�WKDQ�DQ\�SDUWLDO�
69;,,�UHSODFHPHQW�VFKHPH�

� &RXOG�EH�DFKLHYHG�DW�UHDVRQDEOH�
FRVW�DQG�LQ�D�UHDVRQDEOH�WLPH�,)
Ç :H�VWUHDPOLQH�WKH�GHVLJQ�ZLWK�

VLPSOH�PHFKDQLFV�DQG�D�PLQLPXP�
QXPEHU�RI�GLIIHUHQW�SDUWV

Ç 8VH�VLQJOH�VLGHG�VLOLFRQ
Ç :H�KDYH�DGHTXDWH�FKLSV



Brenna Flaugher Jan. 25 Collaboration Meeting 3

CDF
b

Run IIB TDR Layout

Layer 0: 12 fold   Axial
Layer 1: 6 fold Axial-90
Layer 2: 6 fold  Axial-90
Layer 3: 12 fold Axial-90
Layer 4: 16 fold Axial-2.5
Layer 5: 20 fold Axial-2.5
Layer 6:24 fold Axial -90

Double sided staves: axial
and stereo sensors

Uniform design  for L2-6

4-fold symmetry for L2-6)

L1 very similar to L2-6

L0 ~ L00 with only 2-chip
sensors and supported by
beam-pipe
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Changes since TDR and Nov. PAC

• Installation date moved to Jan. 05 (3 yrs from now!)
 still only 6m long

• Funding Profile for all M&S for Run2B: 9.1M$
Barely fit
Currently revising cost estimates based on quotes

• Dropped an inner layer!  Now have:
Layer 0 – axial (L00 style with fine pitch cables)
Layers 1,2,5 axial –90
Layers 3,4 axial-small angle

• Number of readout units/ stave = 1 (TDR had 2 or 3)
Total number, 252, fits easily within the current DAQ chains
(408 available from SVXII and L00)
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Run IIB Stave

Cooling tubes

Mini Portcard

Axial Sensors
Stereo Sensors

Hybrids

Chips

Mounting pins

Mounting tab

Pitch Adapter
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SVX4 Chip (Dec. 4th)

Great progress since last PAC Meeting
Test chips came back in early August – entire
frontend (preamp + pipeline) functions!
Chips irradiated to 16 Mrad with Co-60
facility, no changes observed –T.Zimmerman
“If some of the other components on the
board hadn’t melted, I wouldn’t have
believed it was irradiated. ’’
S/N 30% better than SVX3
CDF and D0 use same chip

October 22 SVX4 chip review found project is in
reasonably good shape

Full chip submission expected Dec. 21st
Will have chips by end Feb. ( 8 week turn-
around)

Most recent estimate is Feb.15th submission
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Milestones

• Major prototyping efforts will be this summer/fall (Great
opportunity for summer visitors!)

Start testing in June with chips and hybrids
Sensor testing and modules in July
First electrical modules and staves in October 02!
Pre-production June 03
Production Oct 03- August 04 (rate 1 stave/day)
Assembly and testing Sept. 04-Jan.05

• End game
Run2a ends Jan.1 05
ISL ready for Run2b SVX Mid March
We have 2.5 months of float at end of schedule – may
change as we update with true submission dates.
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b Run IIB Silicon Upgrade: UCD Role

o Test hybrids with new SVX4 readout chips
	 – Set up test stand at UCD 
	 	 – Linux system with PCI interface, oscilloscope, etc.
	 	 – Work with LBL SVX4 chip experts to test new chips
o  Stave production: > 1200 Hybrids must undergo "burn-in"
	 – Design and build 64-hybrid burn-in system at UCD 
	 – Process all hybrids at UCD prior to assembly at FNAL
o Schedule
	 – SVX4 chip to be submitted this month
	 – Components to test in late May
	 – SVX4 pieces available for burn-in in June
	 – Assemble prototype stave mid October
	 – Preproduction early 2003
	 – Production mid 2003 through mid 2004
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Conclusions

• Highly modular  and buildable design for the Run IIB
Silicon Detector

• Maintains the tracking capability of the CDF detector
• Total mass in tracking volume is reduced
• DAQ simplified, active components are more accessible
• Design has been simplified since TDR by dropping a layer.
• Optimization of Layer 1 design is in progress
• Design and prototyping efforts are underway for outer

layer components
• Finding the Higgs will be difficult, we need as much
    b-tagging efficiency and redundancy as possible.


