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V is weighting potentialV is weighting potentialVVxx

VVcc

Signal = q xSignal = q x PPqcqc(x) x CORR x ((x) x CORR x (VVcc –– VVxx))

Drift Time  = d/Drift Time  = d/µµEE

ττTT = ( = ( NNTTσσVVth th ) ) --11

tteffeff and and µµ varyvary
with temperaturewith temperature

PPqiqi = 1 = 1 –– PPqcqc

PPqi qi prop. 1/prop. 1/tteffeff

RAMO’sRAMO’s theorem + trappingtheorem + trapping
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NIEL ViolationNIEL Violation

Charged hadrons worseCharged hadrons worse

Aside :Aside :
PPqiqi = (= (ττ//ττTT) x (1 ) x (1 ––exp(exp(--ttDD//ττ))))
Same in Same in CCDsCCDs

Introduction rates ( cmIntroduction rates ( cm--1 1 ) ) nn pp
VOVO 0.60.6 0.96  0.96  
V2 + ClusterV2 + Cluster 1.21.2 1.2     1.2     
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Conclusion:Conclusion:
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SIGNAL FORMATION SIGNAL FORMATION -- RAMO'S THEOREMRAMO'S THEOREM

IMPORTANCE OF THE WEIGHTING POTENTIALIMPORTANCE OF THE WEIGHTING POTENTIAL

PADS AND SEGMENTED DETECTORS ARE VERY DIFFERENTPADS AND SEGMENTED DETECTORS ARE VERY DIFFERENT
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SOLUTIONS (b) DEFECT ENGINEERING SOLUTIONS (b) DEFECT ENGINEERING -- O DIMERO DIMER

OOii

OOii

SiSiSiSi

HIGH TEMPERATURE 60Co γ IRRADIATION
AT T > 350 0C VO BECOMES MOBILE AND CAUSES OXYGEN TO CLUSTER

QUASI CHEMICAL 
REACTIONS:

V+Oi => VOi

VOi  + Oi => VO2i

I + VO2i => O2i

SiSiSiSi

OOi SiSii

OXYGEN INTERSTITIALOXYGEN INTERSTITIAL OXYGEN DIMEROXYGEN DIMER

Method variation on L. Lindstroem work

VOVO ----------------> VO> VO22 NEUTRALNEUTRAL
VV22OO ----------------> V> V22OO22 NEUTRALNEUTRAL

EXPECT CHANGE IN  MACROSCOPIC EFFECTSEXPECT CHANGE IN  MACROSCOPIC EFFECTS
SHOULD IMPROVE CCE FOR ELECTRONSSHOULD IMPROVE CCE FOR ELECTRONS

ALSO ALSO –– OO2i2i diffuses very rapidly. Possibility of lowdiffuses very rapidly. Possibility of low--temp diffusion For DOFZ !!!!temp diffusion For DOFZ !!!!
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H(144) Ev + 0.2 Unknown

H(80?) Approx. Ev + 0.1 Not fully resolved. Unknown.



EXPERIMENTAL RESULTS EXPERIMENTAL RESULTS 
IV and NIV and Neffeff AFTER  AFTER  2424GeV/c pGeV/c p−−irradiationirradiation
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OXYGEN DIMERED SILICON OXYGEN DIMERED SILICON 
AFTER 24GeV/c PROTON IRRADIATIONAFTER 24GeV/c PROTON IRRADIATION
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Depletion voltages in various samples before and after annealing

Material VDep

300K
Volts Note 1

VDep 223K ∆V RA 

300K
Volts Note 3

∆V RA 

223K
Volts Note 4

Standard 288 200 975 65

Oxygenated 189 100 740 40

Standard Dimered 288 90 - 0 to 10

Oxygenated
Dimered

180 100 - 40

Volts Note 2

Note 1: Inferred from CV measurement at room temperature 
Note 2: Inferred from x-ray count-rate measurement as function of voltage at 223K.
Note 3: Calculated using Hamburg parameterisation of standard and oxygenated silicon.
Note 4: Inferred from x-ray count-rate measurement as function of voltage.



TEMPERATURE DEPENDENCE OF DEPLETION VOLTAGE

Occupancy prop. Exp(∆E/kT)

SRH ∆E = Eg - 2ET

Inter-Centre Charge Transfer (ICT) ∆E = Eg - 2ET + ED

For V2     ∆E = -0.28 eV  SRH, ∆E = -0.08 eV ICT
EEgg

EETT

EETT

EEgg

EEDD

Temp. Dependence of RA part of depletion voltage = -0.2 eV

Temp. Dependence of Non -RA part of depletion voltage
Approx -0.06 eV (depends on material )



CORRELATION BETWEEN RA - CLUSTER INTRO. RATE & TEMP
DEPENDENCE OF DEPLETION VOLTAGE (PRIOR TO RA)
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CobaltCobalt--60 Irradiation Measure Minority Carrier Lifetime60 Irradiation Measure Minority Carrier Lifetime
Expect VO to be important in standard Expect VO to be important in standard SiSi
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1/1/ττ = 1/= 1/ττ00 + + φφ/K/Kττ

ττ00

KKττ

S S SDSD
287287µµss 258258µµss

(1.0+/(1.0+/--0.1)0.1)
*1E11*1E11

(2.0+/(2.0+/--0.2)0.2)
*1E11*1E11

Units Units γγscmscm--22

Steps: 0, 15, 30, 45 Steps: 0, 15, 30, 45 KradKrad

Factor 2 better for standard Factor 2 better for standard dimered dimered siliconsilicon



VERY PRELIMINARY CONCLUSIONS VERY PRELIMINARY CONCLUSIONS 
FOR DIMER OXYGENATED SILICONFOR DIMER OXYGENATED SILICON

Evidence Evidence 

•• That charge trapping has been improvedThat charge trapping has been improved
•• That reverse annealing is suppressed in low [O] That reverse annealing is suppressed in low [O] dimered Sidimered Si
•• Reverse annealing seems to be correlated with E(225) “cluster” Reverse annealing seems to be correlated with E(225) “cluster” peakpeak
•• That space charge temperature dependence is different in low [OThat space charge temperature dependence is different in low [O] ] dimered Sidimered Si
•• Temperature dependence of  depletion voltage BEFORE RA correlatTemperature dependence of  depletion voltage BEFORE RA correlated to theed to the
size of voltage change after RA !!!size of voltage change after RA !!!
•• Better damage parameter for minority carrier lifetime in low [OBetter damage parameter for minority carrier lifetime in low [O] ] dimered Sidimered Si
after gamma irradiation.after gamma irradiation.

LOT OF THINGS TO DO YETLOT OF THINGS TO DO YET

NB: First look at how reverse annealing amplitude varies with teNB: First look at how reverse annealing amplitude varies with temperature.mperature.
This may help to identify the defect causing RAThis may help to identify the defect causing RA
Lots of possibilities  Lots of possibilities  OOii to Oto O2i2i to Oto O3i3i during processing. during processing. 
Low [O] and high [O] materialLow [O] and high [O] material


