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Lorentz (Hall) angle model 

€ 

tanθL = µHB = rµdB
µH :  Hall mobility
r :     Hall factor ≈1

µd =
vs /E c

1+ E /Ec( )β[ ]
1/β  (drift mobility)

Parametriza)on:   C. Jacoboni et al., Solid‐State Electronics 20 (1977) 77‐89. 
         T. Lari, ATL‐INDET‐2001‐004 
Implemented into SCT Digi)za)on S.Gadomski, ATL‐SOFT‐2001‐005 

Valid for   T>250K,  
 E along <111> crystallographic direc)on 

ATL‐INDET‐2001‐004 
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Electrons (n‐in‐n)

Holes (p‐in‐n)



Bias voltage dependence 
ATL‐INDET‐2001‐004 

  

€ 

∂θL V ,T( )
∂V 150V ,273K

≈ −0.005 /V

€ 

tanθL = µHB = rµdB

µd =
vs /E c

1+ E /Ec( )β[ ]
1/β  (drift mobility)

driX velocity satura)on at high electric field 
→ drop of  "mobility” =v/E  
→ drop of Lorentz angle 

T.Lari PhD thesis 
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Doping and Temperature dependence 

  LHC is not supposed to give effects  
on mobility due to doping concentration  
increase by radiation. 
1012 cm-3 at the beginning of LHC. 
  Mobility depends on temperature. 

  

€ 

∂θL V ,T( )
∂T 150V ,273K

≈ −0.027 /K

€ 

tanθL = µHB = rµdB

µd =
vs /E c

1+ E /Ec( )β[ ]
1/β  (drift mobility)

T.Lari PhD thesis 
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C Jacoboni et al., Solid-State Electronics 20 (1977) 77-89

____solid line    Canali et al. [28]     ToF method 
------dashed line    Norris and Gibbons [26]   ToF method 
.. _ .._two dot dashed line  Sigmon and Gibbons [30]   ToF method 
x---x ---x dashed line   Rodriguez et al. [35]    Conductivity method 
. __ . __dot dashed line  Seidel and Scharfetter [37]   Conductivity method 

The three ToF method measurements agree perfectly at 150V/285micron = 5263V/cm, 
while conductivity method of Seidel and Scharfetter shows 10% lower values than ToF method for holes at 300K 
(Rodoriquez et al. even lower by 25%).
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Drift –velocity measurements in silicon
1)   Conductivity technique 

   Measure current density 
   First measurement of vd(E)  thanks to its simplicity. 

 n (determined by the Hall-effect measurement) is carrier density and q is the charge 
 Assumption is that n is constant, but can depend on E as a result of Joule heating, carrier injection at the contacts or 
impact ionization. 

 First two effects can be avoided by applying very short-pulse, but this requires low resistivity material.    

2)   Microwave technique 
   Heat up charge carriers by pulsed electric field, then  measure mobility via attenuation of 

a low microwave field or via low d.c. electric field. 
 High field measurement is difficult to interpret and today rarely used for the determination of vd. 

3)   Time-of-flight (ToF) technique 
   Measure tile TR by charge carriers to travel across W under E, 
   Vd(E) characteristics can be obtained in the same sample for both type carriers. 

i)  Material must have a sufficiently high resistivity to keep Joule heating negligible, and afford a dielectric relaxation 
time ρε longer than TR. 

ii)  The mean lifetime of the carriers must not be short compared with TR.   

Drawbacks of Conductivity and Microwave techniques 
1)  Only be applicable to material with relatively low resistivity. 
2)  Indirect measurement of vd 
3)  Only the drift velocity of the majority carriers can be measured. 

➭ Thus we relied on ToF measurement on hole drift-velocity. 

j(E) = nqvd(E)

vd = W/TR
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SCT bias voltage scan 
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Lorentz angle can be a thermometer !

Elias Coniavi)s, Preliminary

Can be used to measure  
hole mobility?



Pixel Lorenz angle measurement
The ATLAS Inner Detector commissioning and calibration
arXiv:1004.5293v2 

Matilde Teixeira Dias Castanheira 
SCT Offline Software Meeting 
Aug. 5, 2010
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Extra slides

9



Ramo (weighting) potential and induced current 
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H. Spieler

SCT (p‐in‐n) 
electron and hole 
driX in strip detector

Strip detector signal for n‐bulk device 
VD=60V, Vbias=90V 

(Pixel n‐in‐n) SCT p‐in‐n

Hole dominatesElectron dominates

Total charge is the same.


