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BNL	
  involvement	
  in	
  LSST	
  simula0ons	
  
•  Valida0on	
  of	
  sensor	
  effects	
  in	
  PhoSim	
  (silicon.txt)	
  
– Edge	
  and	
  an0-­‐bloom	
  stop	
  roll-­‐off	
  effects	
  
– Tree	
  rings	
  
– Fringes	
  
– Brick-­‐wall	
  paNern	
  from	
  laser	
  annealing	
  
–  Intensity	
  dependence	
  
– Crosstalk	
  in	
  sensors	
  and	
  raRs	
  
–  ..	
  

•  Simula0on	
  of	
  lab	
  setups	
  
– Modifica0on	
  of	
  op0cs	
  file	
  to	
  model	
  spot	
  projector	
  
(op0cs.txt)	
  



Fringes	
  
•  Surface	
  described	
  with	
  
Zernike	
  polynomials	
  

•  Use	
  a	
  random	
  surface	
  
with	
  some	
  flatness	
  

•  Assumes	
  that	
  the	
  
backside	
  is	
  flat	
  
–  Fringe	
  data	
  at	
  different	
  
wavelengths	
  should	
  
allow	
  to	
  extract	
  the	
  
backside	
  flatness	
  

•  We	
  provided	
  flatness	
  
data	
  for	
  112-­‐03,	
  work	
  
in	
  progress	
  to	
  
compare	
  to	
  
simula0ons	
  

	
  
3	
  

J.Peterson,	
  P.O’Connor	
  



Surface	
  descrip0on	
  
Out[1199]=

CHeby results.nb 8

Now plot the trend in the reduction of the standard deviation of the residuals aas a function of fit order.

In[1202]:=
stdlist = 882, 0.617<, 83, 0.297<, 84, 0.281<,

85, 0.222<, 86, 0.191<, 87, 0.159<, 89, 0.124<, 811, 0.104<<

Out[1202]=
882, 0.617<, 83, 0.297<, 84, 0.281<,
85, 0.222<, 86, 0.191<, 87, 0.159<, 89, 0.124<, 811, 0.104<<

In[1209]:=
ListPlot@stdlist, Joined -> True, Mesh -> All, AxesLabel -> 8"Order", "Std Dev"<D

Out[1209]=
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CHeby results.nb 9

•  Chebyshev	
  describe	
  
beNer	
  corners,	
  more	
  
appropriate	
  for	
  square	
  
shape	
  

•  Order	
  10	
  appear	
  to	
  be	
  
adequate	
  

P.Takacs	
  



Brick-­‐wall	
  paNern	
  
•  From	
  laser	
  annealing	
  
of	
  back	
  side	
  

•  Described	
  in	
  
silicon.txt	
  with	
  11	
  
parameters	
  

•  Needs	
  tuning	
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J.Peterson,	
  P.O’Connor	
  



!P.O’Connor	
  

Laser	
  Spots	
  in	
  CCD	
  

•  Non-­‐linearity	
  on	
  the	
  edge,	
  up	
  to	
  
50%	
  effect	
  	
  



Photometric	
  Analysis	
  of	
  Spot	
  Data	
  

7	
  

P.O’Connor	
  

Spots	
  and	
  flat	
  field	
  behave	
  differently	
  	
  
–  due	
  to	
  space	
  charge	
  effects?	
  	
  



Neil Murray , 15th May 2013 

Aspect ratio from charge sharing or blooming? 

Here FI-CCD273 response to spot projection is shown at many 

signal levels.  The aspect ratio begins to become visibly 

altered at ~95 ke-, however our PTC is clearly not 

demonstrating signs of full well. 

N.Murray	
  
Neil Murray , 15th May 2013 

Aspect ratio from charge sharing or blooming? 

Here FI-CCD273 response to spot projection is shown at many 

signal levels.  The aspect ratio begins to become visibly 

altered at ~95 ke-, however our PTC is clearly not 

demonstrating signs of full well. 

Point	
  Spread	
  Func0on	
  intensity	
  dependence,	
  up	
  to	
  10%	
  
effect	
  on	
  ellip0city	
  
–  Characterize	
  and	
  correct	
  

•  Need	
  to	
  model	
  satura0on	
  of	
  PTC?	
  	
  

Laser	
  Spots	
  in	
  CCD	
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Tree	
  Rings	
  in	
  DES	
  and	
  LSST	
  

9	
  

•  Due	
  to	
  uneven	
  doping	
  of	
  silicon	
  wafers	
  
–  Good	
  example	
  of	
  synergy	
  between	
  LSST	
  and	
  DES	
  

A.Plazas	
  

DES	
   LSST	
  



Tree	
  rings	
  
•  Discussions	
  on	
  correct	
  
implementa0on	
  
–  Lateral	
  field	
  described	
  
by	
  parabola	
  

	
  

! Ex reaches its maximum at y ’ 150mm, half way
between top and bottom surfaces;
! the value of Ex scales with the absolute value of the

variation of the doping concentration.

Two-dimensional graphs of Ex for several cases are
shown in Fig. 3. As expected, the field reaches its maximum
in the middle of the structure. The Ex field profiles along x
taken at half depth, y ¼ 150mm, are shown in Fig. 4. As
can be seen in both Figs. 3 and 4, a sharp change in the
doping concentration creates a sharp peak in the Ex field.
When the doping concentration changes more smoothly,
Ex rises sharply from zero at the symmetry points to a
broad maximum at the median point of the transition.

The dependence of the maximum value of Ex on the
width of the doping profile transition is shown in Fig. 5.
Depending on the smoothness of the doping profile, the
maximum value of the field varies by a factor of #4. So,
even when the period of the doping variations is known,

the magnitude of the Ex variation alone is not enough for
precise conclusion on the doping concentration amplitude.
For example, comparing only the magnitude of the Ex

field variation observed in the experiment, #80V=cm
peak-to-peak, with maximum values of the simulated
parasitic field, one can only conclude that the doping
inhomogeneity is within a range of 3–12%. For more
accurate conclusions, the realistic shape of the doping
variation should be used.
The magnitude of the parasitic field, #80V=cm is not

small compared to the value of the drift field, 667V/cm (for
ALICE SDDs). Thus corrections for this effect are
important in order to obtain good coordinate resolution
from SDDs [1]. For a diode, such parasitic fields cause the
carriers to deviate from a straight path. But the transport
field in the diode, the Ey component of the electric field, is
in the range of thousands V/cm. This effect can therefore
lead to a systematic error in the measured coordinate on
the level of only a few microns.
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Fig. 4. The profiles of the Ex component along the x-coordinate at half depth.
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depleted silicon bulk and a field created by a distribution of
potentials on the cathodes. The source of the parasitic field
is the variation of the space charge density. The parasitic
field caused by variations in the charge distribution is with
good approximation the same for both a simple diode
and a SDD. Though the boundary conditions of the
more complex structure of SDD electrodes are not
completely equivalent to a diode, it was shown [3] that in
the detector middle plane the difference in the parasitic
component of the E-field resulting from the different
boundary conditions is negligible. This enables us to use a
simple diode model to simulate the effect. Moreover, in the
diode there is no component of the main electric field
parallel to the surfaces. This makes it easy to visualize the
parasitic component.

2. Simulation setup and assumptions

An infinite diode with an anode on the top surface and a
cathode on the bottom was simulated. We assume that the
bulk doping concentration has a periodic structure along
the x axis and is uniform in the other directions.

Geometry: The simulated structure is a rectangle. The
coordinate origin is set at the upper left corner, on the top
surface of the structure; x represents horizontal displace-
ment and y represents depth into the device. The full depth
of the device is 300mm. The length along the x axis is
1000mm (half a period).

Doping profiles: The base doping concentration chosen
was 1:5! 1012 donors=cm3 in correspondence with the
3 kohm cm resistivity of the SDD wafers. A doping
variation with a peak-to-peak swing of 0:5!
1012 donors=cm3 and period of 2mm was added to the
uniform base level. Simulations were run for different

doping profiles along the x-axis, starting from a ‘‘square
wave’’ with sharp transition and gradually smoothing the
edge using a Gaussian transition with a standard deviation
increasing up to 453mm. The half amplitude point is always
positioned at x ¼ 500mm. Examples of the horizontal
doping profile are shown in Fig. 2 for six different
Gaussian transitions. This choice of the doping profiles
was motivated by the following: the sharper the doping
variation gets the larger the E-field will be, so to see the
maximum possible effect the ‘‘square wave’’ is a natural
choice for the doping profile. Sharp variations however are
smoothed out in real situations; in order to account
for this, different Gaussian transition were simulated.
A Gaussian is not a periodic function and the ‘‘tail’’ has
been truncated at x ¼ 1mm. The resulting functions are
periodic with period 2mm and symmetric about x ¼ 0
and 1mm.

Contacts: Both the anode and cathode contacts are
ohmic. The region under the anode is implanted with
phosphorus dopants and the region under the cathode is
boron doped. Doping profiles under the contacts were
specified analytically.

Boundary conditions: The ohmic contacts on both the top
and bottom surfaces are treated by ATLAS as simple
Dirichlet boundary conditions. Along the noncontact sides
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Fig. 1. Profile of the parasitic drift axis component of the E-field for
different values of the transport field: 292, 417, 512, 667V/cm. The
constant component of the drift field is subtracted.
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Fig. 2. Horizontal doping profiles for Gaussian transitions with sigmas
102453mm.
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Abstract

Variations of the doping concentration inside a silicon device result in electric field distortions. These distortions, ‘‘parasitic’’ fields,
have been observed in Silicon Drift Detectors [D. Nouais, et al., Nucl. Instr. and Meth. A 501 (2003) 119; E. Crescio, et al., Nucl. Instr.
and Meth. A 539 (2005) 250]. Electric fields inside a silicon device can be calculated for a given doping profile. In this study, the ATLAS
device simulator. [Silvaco International, 4701 Patrick Henry Drive, Bldg.2, Santa Clara, CA 95054, USA hhttp://www.silvaco.com/i and
hhttp://www.silvaco.com/products/device_simulation/atlas.htmli] was used to calculate the electric field inside an inhomogeneously
doped device. Simulations were performed for 1D periodic doping profiles. Results show strong dependence of the parasitic field strength
on the ‘smoothness’ of the doping profile.
r 2006 Elsevier B.V. All rights reserved.

PACS: 29.40.Wk; 61.72.!y

Keywords: Semiconductor detectors; Silicon device simulations; Doping

1. Introduction

In Silicon Drift Detectors (SDDs) [3,4] fabricated on n-
type silicon, the electrons created by an ionizing particle are
forced by an electric field E to drift toward readout anodes.
The coordinate along the anodes is measured using charge
sharing between anodes. The coordinate along the drift
direction is determined from the drift time. To achieve the
ultimate coordinate precision, it is necessary to understand
and correct for systematic effects such as parasitic fields.

In SDD beam tests, the trajectory of each beam particle
was measured using microstrip detectors. The coordinate
of the particle crossing the SDD plane is known with good
precision, within a few microns. This allows for measure-
ment of the electric field E along the drift path. To illustrate
this idea, consider two particle hits with coordinates along

the drift axis x1 and x2 and with drift times t1 and t2. The
drift velocity [5] of the carriers in silicon is v ¼ mE. The
average value of the Ex component between points x1;x2 is
therefore Ex ¼ ð1=mÞððx2 ! x1Þ=ðt2 ! t1ÞÞ.
Electron clouds drift in the mid plane of the detector,

parallel to the surfaces for almost the full length of the drift
path, except for the focusing zone (%300mm near the
anodes). So, for the main part of the detector, E-field
components can be measured in the center plane between
the surfaces. SDD beam tests produced high quality, high
statistics data that result in a ‘‘map’’ of the E-field
of the tested detectors. Circular structures centered at
the middle of the wafer were observed [1]. The radial
parasitic component exhibits a periodic behaviour with a
period of %2mm. As an example, the parasitic drift axis
component of the E-field for detector D2-40548 is shown in
Fig. 1.
The electric field inside the SDDs is a superposition of

the field created by positive charges distributed inside the
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Tree	
  rings	
  
Lateral'charge'displacement'in'fully'depleted'CCD'
!
A.Nomerotski,!!6!August!2013!
!
!
The!drift!field!depends!on!the!drift!distance!linearly,!if!the!applied!voltage!is!equal!to!
the!depletion!voltage.!!
!
!! = !! + !! ∙

!
!!

!
where! !!!!is! a! constant,! x! is! the! coordinate! along! the! drift! distance! and! d! is! the!
thickness!of!the!sensor.!The!lateral!field!due!to!the!variation!of!the!doping!along!the!
xBaxis! must! be! zero! at! the! top! and! bottom! surfaces! of! the! sensor! because! of! the!
boundary!conditions!and!can!be!approximated!with!a!parabola,!see!the!bottom!right!
figure! in! Fig.4! [1],! which! should! be! a! realistic! representation! of! the! effect.! The!
parabola!has!maximum!the!half!way!between!the!top!and!bottom!of!the!sensor:!
!
!! = !! ∙

4!
!

!
! − 1 !

!
The!lateral!deviation!of!a!photoelectron!originated!in!point!x!is!given!by:!
Δ! = !"

!

!
!

!
Where!y!is!orthogonal!to!x!and!!
!
!!" = !"!!! = !"!!!!; !!!" = !!"!!! = !"!!!!!
!
Hence!
!
!" = !" !!!!

!
!
and!!
!

Δ! = !" !!!!
=

!

!

4!!!
!!

!"! !! − 1 = 2!!!!
!!

∙ !! − 1 !!!!!!!

!!!!!
= − 2!!!!!!

∙ ! !! − 1 !

!!!

!
!

!
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Other	
  issues	
  

•  X-­‐rays	
  in	
  simula0ons?	
  
•  Vizualiza0on	
  tools	
  in	
  PhoSim	
  for	
  sensors	
  and	
  
op0cs?	
  

•  Other	
  sensor	
  effects,	
  which	
  we	
  hope	
  to	
  eliminate	
  
(like	
  tearing)	
  –	
  need	
  them	
  in	
  simula0ons?	
  

	
  


