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Silicon  atoms  “connect”  to  each  other  via  covalent  bonds.
We  can  replace  some  Si  atoms  with  As  or  B  to  have  an  excess  (or  defect)  of  electrons.
The  electrons  in  excess  can  move  around  in  the  structure:  n-­type silicon
The  “holes”  (lack  of  electrons)  can  also  move  and  behave  as  positive  charges:  p-­type
The  overall  structure  is  neutral…  There  is  no  excess  of  charge.
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When  a  particle  traverses  
• the  depleted  region,  the  e/h  pairs  do  not  recombine  with  anything  since  the  region  
is  depleted  and  drift  under  the  electric  field  inducing  the  signal  in  the  electrode.

• Any  other  region,  the  e/h  pairs  will  recombine  with  free  majority  carriers  (e  in  n-­side  
or  h  in  the  p-­side)  and  is  lost.

We  want  this  depleted  region  as  large  as  possible.
We  do  it  by  applying  an  external  voltage  that  forces  the  diffusion  of  the  majority  
carriers  into  the  “other  side”.  The  width  will  be:

𝑤 = 2𝜖𝜌𝜇𝑉()*+
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12 1 Basic Principles of a Silicon Detector

VFD =
(0.032)2 cm2

2 · (8.85 ·10−14F cm−1) ·11.7 · (1350cm2V−1s−1) · (1.5–3)kΩ
≈ 122–244V

To run over-depleted the operation voltage Vbias is therefore set to 400 V.
Electrical field configurations for under-, full- and over-depletion conditions are

shown in Fig. 1.8. The electrical fields for the different external voltage configura-
tions are given by

Under-depletion: Vbias < VFD
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Over-depletion: Vbias > VFD
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With formula (1.21) the maximum electrical fields can be, for example, calculated
for a sensor used during the LEP era and one from the CMS time. The bias voltage at
DELPHI was set to 60 V with an effective full depletion voltage of 40 V on a 300 µm
thick sensor resulting in a minimum electrical field of 666 V/cm and maximum one
of 3.3 kV/cm. With Vbias = 400V and VFD = 200V applied to a 300 µm thick sensor
minimum and maximum electrical field strengths climb to EMIN = 6.6 kV/cm and
EMAX = 20 kV/cm.

With Vbias > VFD, the equilibrium is disturbed and an electrical field is now es-
tablished, sweeping the thermally generated electron–hole pairs in the SCR GSCR
out of the depletion region. As mentioned earlier, the emission process is dominated
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Fig. 1.8 The field in the bulk silicon is linear, depleting a certain volume. The left part shows an
under-depleted Vbias < VFD sensor, while right scheme shows the standard over-depletion Vbias >
VFD case, the picture in the middle depicts full depletion Vbias = VFD: The max field Emax is on
the segmented side for p-in-n, where the strips are on GND potential and the backplane is on high
voltage potential

The  sensitive  volume  depends  on  the  bias  voltage.  

We  cannot  extend  it  beyond  the  actual  size  of  the  detector
1. What  happens  when  we  use  a  Vdep >  VFD ?
2. Do  we  gain  anything  ?  

The  amount  of  energy  measured  will  scale  with  the  depth  of  the  depletion  region.  To  
find  the  depletion  voltage  we  can:
1. Charge  collection  .vs.  Vdep will  saturate  when  Vdep =  VFD
2. How  to  determine  VFD without  particles  ?

C = 	
  ε
A
w

Noise  in  the  readout  
electronics  grows  with  
capacitance  at  the  
input

Prove  it  using  the  
90Sr  source  in  the  
EASY
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We  can  “create”  many  of  those  
junctions  all  along  a  silicon  slab.
We  call  them  strips.  They  are  
separated  by  a  constant  distance  
or  angle  that  we  call  pitch.
We  put  an  Al  layer  on  top  of  the  
strip  for  the  electric  connection
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Distance  between  neibourg strips,  pitch,  P.

Signal  can  be  shared  between  strips  depending  
on  how  the  electric  field  makes  them  drift  along  
the  field  lines.  We  have  multi-­strip  clusters.

If  we  have  analogue  readout  we  use  the  centre  
of  gravity  to  compute  the  position.
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What  is  the  error  on  the  position  determination  if  
the  noise  on  the  charge  measurement  is  N  and  
the  total  signal  is  S=QL+QR?

What  would  be  the  error  with  a  binary  readout,  
that  is  we  only  have  a  0  or  1  telling  whether  the  
particle  has  hit  that  strip  ?

P:  strip  pitch

Use  the  laser  system  
to  see  how  charge  is  
shared  between  
strips.  Can  



Analysing  the  signal
• Compare  the  spectrum  from  the  90Sr  source  and  the  laser

• What  is  the  shape  of  the  source  spectrum  ?  And   that  of  the  laser  ?
• Explain  why  they  are  different.

• Can  the  90Sr  spectrum  be  considered  a  MIP  (end  point  ~  2.5MeV)  ?
• What  is  the  expected  energy  deposited  by  a  MIP  on  a  300µm  thick  
silicon  detector  ?  
• Silicon  density:  2.6  g/cm3.
• If  the  excitation  energy  of  silicon  is  3.6  eV,  how  many  e/h  pairs  will  be  produced   ?  
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