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Silicon Trackers
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Physics Requirements - Position resolution

 Resolution scales set by B and C seconglary vertex
reconstruction:
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Solid State Detector Physics - energy lossand

lonization

Silicon has properties which make it especially desirable as a
detector material

< X

low ionization energy (good signal)

long mean free path (good charge collection efficiency)
high mobility (fast charge collection)

low Z (low multiple scattering)

Very well developed technology
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Solid State Detector Physics - band structures

— Silicon detectors aretypically high resistivity >1 KW-cm
“float zone” silicon

The small energy gap between impurity “donor” or
“acceptor” levels means most mobile electrons and holes

Intrinsic

n-type

p-type
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are due to dopants.
band density of Fermi-dirac carrier
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Fig. 14 Schematic band diagram, density of states, Fermi-Dirac distribution, and the
carrier concentrations for (&) intrinsic, (b) n-type, and (c) p-type semiconductors at

thermal equilibrium, Note that pn = o for all three cases,
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Solid State Detector Physics - charge drift and
collection

Diode depletion

— Silicon detectors have lightly doped bulk (usually n) and
heavily doped contacts. Unusually large depleted ar ea.

— Diffusion of charge carrierswill form alocal depleted
region with no applied voltage
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Solid State Detector Physics - device
characteristics

_ 1
Resistivity: r= q(n’hN 0t mpN ID)

26V pias _Ner aD’

. - d=
Depletion voltage: gNeff fd 2

Electric Figld: E(x)=<-_14&. X9, Y bias ¥ 1d
e

D Dg D
M p= electron, hole mobility

N « = Effectivecarrier concentration

x = distancefrom junction D = silicon thickness

Junction side Electric Field Charge density
—
partially
depleted

Fully
depleted

Overdepleted

Ohmic side

R. Lipton
March 1,8 2000



Single Sided devices - carrier drift

\7e,h = rre,h E(X)

Electron, hole drift:
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Recipefor Silicon Detector Production
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Basic Process (Parker)
1) clean wafer

2) cover with photoresist
3) prebake

4) expose through mask

5) develop
6) postbake

7) Etch, implant, oxyidize ...

8) remove resist



Detector Design - single sided devices
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coupling
capacitor
aluminization bond strip
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Detector Design - double sided devices

| strip 1

AC Coupling:
* Add athin (2000A) SiO2 layer between the p+ and
aluminum, Thisformsan “integrated” capacitor.
 Biasthestripswith:
o Simple“FOXFET” or punchthrough structure
* polysilicon (CVD amor phoussilicon)
Readout of signal induced on the n (ohmic) side
* n sideimplantsare “ naturally” shorted to each other and
must be separated electrically. Charges present in the oxide
layer tend to induce conducting channels between n side strips
* Add p+ “blocking” stripsto ensure strip isolation after the
deviceisfully depleted
» Capacitors must support biasvoltage
DS much more complex devicethan SS: 14vs7 “mask steps’ to
produce
» Less mass per point, less multiple scattering
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Detector Characteristics

Bias B
supply —
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bias coupling
resistor capacitor (10 pf/cm)

— AN H to readout

w Detector diode

AN |

» Biasresistor integrated on each strip usually:
« Simplediodeor FET (FOXFET) structure
» implanted polysilicon resistor

*Coupling capacitor formed by very thin (2500 A) dielectric.
Thedielectricisusually a“grown thermal” oxide supplemented
with deposited layersformed by CVD (chemical vapor

deposition)

| n addition thereare“guard rings’ which keep thefield from
reaching the damaged silicon near cut edges.

» Microdischarge breakdown can occur when fields near the
implant increase dueto chargesin the oxide and potential of the
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Silicon Surface Region

Chargesin the oxide layer can have a dramatic effect on device
characteristics.

* Fixed charge near the Si-SiO, boundry (usually +)

» Trapped charge near metal layer or in oxide bulk

* Mobile charge, usually dueto alkali impurities

» Oxide charges can induce conducting channels which short n-
sidestrips

 Can affect device characteristics, breakdown voltage, strip
Isolation, interstrip capacitance
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Detector Design - Double Sided
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Radiation Damage - L eakage current

Theleakage current in an irradiated silicon detector will
increase linearly with dose:

DI |eak =af Vv

with a ~3x10' A/cm, f expressed asthe flux normalized to 1
MeV neutrons _ 1.2eV

12
Temperature dependence:  ljeak =T € KT
currents decrease with time (annealing)
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Radiation Damage - Rever se annealing

SSC studies found a complex radiation induced “ acceptor
generation” effect. Sensitive to time and temperature

Neff =- Noe™ & +gc(F)+ggFe /" (- N (F £ ,T)
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collected charge
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Radiation Damage - Changesin properties
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Radiation Damage - Design for maximum detector
lifetime

Causes of detector failure after irradiation
» Excessive leakage current (shot noise)
« AC couple amplifiers
* Run at low temperature
 Short shaping time
* High depletion Voltage dueto reverse annealing
* Run at low temperature (“freeze’ defects)
» Use n-bulk devices with high initial depletion
voltage (later typeinversion)
» I[mprove coupling capacitor breakdown
* Multilayer dielectric
 Split bias
 design shielding structures
*Device breakdown dueto high Vd
e Multi-guard ring designs
 Careful devicelayout to avoid breakdown
» Use single sided devices
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