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Why a Silicon detector in CDF?

CDF note 362 (October 1985)
l Will improve significantly the resolution of the central tracking system.
l Will  allow  tagging  of decay vertices  of  particle  with  lifetime  in  the 

10-13-10 -12 sec range
l All in all it promises to be a powerful tool in the search of rather elusive 

processes like Higgs, top, or fourth generation quark production.

l Improves momentum resolution 
(x 2 at large pt).

l Improves impact parameter 
resolution (~ 20 µm)
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What should it look like?

Proposal:
ä Design (conceptual)

- 2 barrels (total length of 60 cm)
- 4 octagonal layers (2 equipped on both 

sides)
- 37888 channels

ä Use of established technology
- Feasibility relies entirely on the 

existence of suitably miniaturized 
integrated preamplifiers

CDF note 362 (October 1985)



UTeV 4/12/2001       p. 5Evolution of Silicon Detector in CDFGino Bolla, Purdue University

TeVatron University

Evolution of 
the CDF 
silicon 

detector

A silicon detector is a ionization chamber 
ä Sensitive volume with electric field
ä Energy deposited creates e--h pairs
ä charge drifts 
ä Gets integrated 
ä Then digitized 
ä And finally readout and stored 

(Buffering and discrimination stages could be implemented)

What is it?

ADC-
++

####
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l Why solid?
ä Increase charge yield dq/dE
ä Fast response 

ä Better charge collection efficiency

Why Silicon ?

FastModerateModerateSignal speed

LowModerateModerateIonization 
energy εi

ModerateModeratelowAtomic 
number Z

HighModeratelowDensity

SolidLiquidGAS

l Why semiconductor?
ä Conductor 

äSmall electric field 
äLarge DC current

ä Insulator
äSmall signal charge 

ä Semiconductor
äHigh electric field
ä“Large” signal charge
äSmall DC current 

äReversed biased    
p-n junction



UTeV 4/12/2001       p. 7Evolution of Silicon Detector in CDFGino Bolla, Purdue University

TeVatron University

Evolution of 
the CDF 
silicon 

detector

When reverse bias is applied the silicon is 
depleted of the majority carriers.
In asymmetric junctions (usually Na>>Nd)

Reverse biased p-n junction (depletion)
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Thermally generated minority carriers contribute to DC leakage current.
ä Could be dominated by breakdown phenomena (induced by defects) 
ä Used as a macroscopic parameter for QA
ä Strongly dependent on the temperature

Reverse biased p-n junction (Ileakage) 
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l mip release 390 eV/µm & εionization=3.6 eV                   signal ~ 4 fC 

l Signal is proportional to the thickness of the depleted region
l ρ=4 KΩcm & d=300 µm                   Vdepl ~ 40-50 V
l Charge is available at the electrodes in time scales of 10-30 nsec

Reverse biased p-n junction (mip signal)
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l Inverting voltage amplifier
l Voltage gain
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l MICROPLEX amplifier in use by MARKII 
(SLC) and DELPHI (LEP)

l CDF note 475 (May 1986) evaluate the 
MICROPLEX for use in SVX
ä Tevatron implies:

- Longer interaction region (30 cm)
â Longer strips = more capacitive load
â S/N too low

- Shorter time between collision (3.5 µsec)
â Not possible to run with “pulsed” power

ä It is necessary to develop a readout chip 
dedicated to the Tevatron constraints

ä Beginning of the SVX saga (SVXC, 
SVXD, SVXH, SVX2, SVX3……..SVX4?)
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i

t

Leakage current is integrated 
with the signal and has to be 
subtracted

v

t
quadruple correlated sample
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l S/N >10 with 30 pF load.
l P<2.5mW/ch
l Total readout time < 1 msec

ä CMOS 3 µm
ä 128 channels

- Good charge collection
â Cf=0.3pF and an open loop gain 

2000 implies Ci=600 pF >>Cdet

- Sample and hold stage

ä Sparse logic
- Comparator and latch

â 1st Sample and hold stored on CC 
(leakage+threshold)

â 1st Sample and hold stored on CS 
(leakage+signal)

â Difference set the latch

-- Readout time is set by occupancy Readout time is set by occupancy 
not by number of channelsnot by number of channels



UTeV 4/12/2001       p. 14Evolution of Silicon Detector in CDFGino Bolla, Purdue University

TeVatron University

Evolution of 
the CDF 
silicon 

detectorNoise components

Thermal noise
Shot noise

“Capacitance” noise
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SVX was built and did its job

l Very different from initial proposal, took 30 pb-1 data (1192-1993)
l L0 S/N decreased from 9:1 tp 6.5:1 but still good over Run 1a
l Run 1b target luminosity ~100 pb-1 (SVX has to be replaced)
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“Proposal For an Upgraded CDF detetctor”
Was published on October 9, 1990. Here are the last few 

sentences of the SVX chapter:

….. a program of high sensitivity B physics would be greatly ….. a program of high sensitivity B physics would be greatly 
enhanced by the addition of a secondary vertex trigger  ….  enhanced by the addition of a secondary vertex trigger  ….  
Promising schemes with associative memories are under Promising schemes with associative memories are under 
development and we anticipate employing one for the 1993 rundevelopment and we anticipate employing one for the 1993 run

Vertexing Vertexing can be significantly improved by an inner layer close to can be significantly improved by an inner layer close to 
the interaction point. Simulation studies show a 30 % increase ithe interaction point. Simulation studies show a 30 % increase in n 
B tagging efficiency for an inner layer at a radius of 0.5 incheB tagging efficiency for an inner layer at a radius of 0.5 inches.s.
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l CDF note 1391: “… the “high” level of radiation ... the 

associated increase of leakage current would bring the preamplifiers 
out of range”

ä DC to AC coupled sensors

l CDF note 1741: “We conclude it will be necessary to replace the 
first two layers of the silicon vertex detector at CDF due to radiation 
damage after an accumulated dose of 30 krad”

ä SVX D to SVX H readout chip (rad hard) 
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l Displacement damage

ä Leakage current increase 
linearly with the absorbed 
dose

ä Change in effective doping 
concentration (changes in 
Vdep)

ä Charge trapping (signal 
loss)

l Ionization damage
ä Threshold shift
ä Noise and gain deterioration

äDecrease surface mobility
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SVX’ done!

Mechanically almost the same!

1300 ENC2200 ENCNoise

1 Mrad (chip)15-20 kradRadiation limit

DoubleQuadrupleSamplingi

R.H. SVXHR.S. SVXDR-O chip

AC-coupled 
(FOXFET BIASED)

DC-coupledSilicon

SVX’SVXFeatures

Supposed to die of 
shot noise when 
Ileak/strip ~ 1µA.
This should have 
been way bigger than 
the expected 100 pb-1



UTeV 4/12/2001       p. 20Evolution of Silicon Detector in CDFGino Bolla, Purdue University

TeVatron University

Evolution of 
the CDF 
silicon 

detectorExcess noise

The FOXFET ruined the party.

Unexpected noise contribution.

Still SVX’ made it to the end of RUN1b

Mechanism not fully understood but 
clearly due to the FOXFET biasing 
structure. Future polysilicon resistors.
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l Increase acceptance and coverage of luminous region along beam

ä Previous CDF vertex detectors covered interactions within |z| < 0.27 m, 
New silicon detectors designed to cover |z| < 0.43 m

ä Interaction region expected to be more concentrated in z in Run II
ä Increase silicon angular acceptance to cover approximately η ≤ 2.
ä Overall effect should be approximately a factor of 2 increase in

acceptance for particles with good tracking and vertexing

l Improve top tagging for high-pT physics:

l Improve B physics capability of the experiment
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Goals and Features:
l Deal with new Tevatron 

parameters:
ä 132 nsec between bxngs
ä Much higher luminosity 

and radiation damage

l Precise 3D track impact 
parameters
ä B tagging: top, SUSY, 

Higgs
ä B Physics

l Improved forward coverage
l Level II displaced-track 

trigger (SVT)
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CDF ISL
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Both sides of the silicon wafers are segmented. 

A combination of 90o and small stereo angle 

Double metal layer necessary to readout the  90o

Chip needs to be 
able to read both 
electrons and holes.

Number of channel 
per volume unit goes 
to the roof

It allows 3D tracking
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Si Sensors

Electrical Component
Hybrid

SVX3 Chips

HDI cable

Rohacell/Carbon
SupportWirebonds

Wirebonds

Bridge 
Connection

SVX II half ladder, consisting of two silicon
sensors wirebonded with the readout
electronics mounted on the first 
sensor.
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65 W1.5 kW1.0 kW1.4 kW~100 WPower

8.06282810.61.65Outer radius

2.861.35202.51.35Inner radius

3021.514.514.8Readout 
Length

96704296 DS360 DS48 SSModules

4808072243230310440550413824Channels

0.61.91.9 m0.9 m0.9 mLength

48251Layers

SVX’Total Run 2bISLSVXIILayer 00
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• 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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l Run 2b is going to be reality!

l Promised at least 15 fb-1.

l SVXII was designed for 2 fb-1 but will probably last 5 (best 
estimate).

l Will have to be replaced with radiation harder device.

A simpler device would be desirable.

l New SVX4 chip

l Only single sided silicon (back to back)

l Simple modules (hopefully hybrids outside of tracking volume 
L00 style). 

l Minimal number of subdesigns



UTeV 4/12/2001       p. 30Evolution of Silicon Detector in CDFGino Bolla, Purdue University

TeVatron University

Evolution of 
the CDF 
silicon 

detector
Already a conceptual design ????????

?

l It might look like a step back in technology but the scale of the project 
drives toward the minimum risk.

l The time scale to build it is very tight compared to the time spent to 
build SVXII.

l It will be one more challenge ……….


