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Figure 2.4: Basic layout of the MVD (top). The red in-
ner parts are equipped with silicon hybrid pixel sensors.
Double-sided silicon micro-strip detectors utilised in the
outer layers are indicated in green. Bottom: Sideview
along the beam axis illustrating the polar angle cover-
age. The barrel and the forward part meet at a polar
angle of � = 40�.

The disk layers in forward direction enable a mea-
surement at small polar angles between 3� and 40�.
The innermost disk located at z = 2 cm is the clos-
est of all detector layers with respect to the nominal
interaction point. It has an interspacing of 2 cm to
the second pixel disk. Both of these small pixel
disks are located inside the outer pixel barrel layer.
Further downstream there are four large pixel disks.
While the first two of them are positioned inside the
strip barrel layers, the ones still further downstream
are outside the barrel layers and extended to larger
radii by additional strip disks.

In addition to the MVD, there are two extra disks
envisaged in forward direction that would fill the
long detector-free gap to the forward GEM track-
ing station. They are intended to contribute to the
vertex reconstruction of hyperons, which have much
longer lifetimes and consequently a larger displace-
ment of the secondary vertex than D mesons. The
conceptual design of these additional disks is similar
to that of the strip disks of the MVD.

2.4.2 Conceptual Design

Choice of Detector Technology

Silicon detectors excel in a fast response and a low
material budget. Moreover, they allow a high de-
gree of miniaturisation and they can be produced in
big quantities with very good reproducibility. Due
to these properties they perfectly meet the require-
ments imposed on the MVD.

Silicon hybrid pixel detectors deliver discrete 2D in-
formation with a high granularity and allow very
precise space point measurements. They are in-
tended to be used in the innermost MVD layers in
order to cope with the high occupancy close to the
interaction region. However, the total number of
channels required to cover larger surfaces increases
rapidly.

The material budget of the detector scales with the
number of readout channels. It must be minimised
in order to fulfill the requirements of the PANDA
experiment. For this reason, double-sided silicon
micro-strip detectors are foreseen in the outer parts
of the MVD. They facilitate the readout of a much
larger area with significantly fewer channels. How-
ever, an utilisation very close to the primary vertex
is disfavored because of the high probability of mul-
tiple hits in the detector, which lead to ambiguities,
so-called ghost hits, and the increased probability
for hit loss due to pile-up.

In the following, all individual silicon detectors will
be denoted as either pixel or strip sensors in order
to avoid misinterpretations.

Hierarchical Structure

The hierarchical structure of the MVD is based on
a modular concept following the future test and in-
stallation sequence of the detector. The silicon sen-
sors represent the lowest level therein. A detector
module is defined as the smallest functional unit,
which is electronically independent. It is formed by
all hard-wired connections between individual sen-
sors and assigned components of the readout elec-
tronics.

The finalised hybrid is formed by a super-module in-
cluding several detector modules and the associated
cooling and support structure. It corresponds to the
smallest mechanically independent unit for the de-
tector assembly. Di�erent detector layers are then
composed of super-modules, which are attached to
the respective mechanical holding structure. In this
way four main building blocks are created. They
are given by the individual pixel and strip layers,

The concept of the MVD is based on radiation hard silicon pixel detectors with fast
individual pixel adopt circuits and silicon strip detectors. The layout foresees a four
layer barrel detector with an inner radius of 2.5 cm and an outer radius of 13 cm.

In particular the MVD, the pixel sensors cover the 1st and 2nd barrels and the
central part of the forward disks, for an area of 0.11 m2, with 11 M readout channels.
In the other region the particle flux is more lower so will use the double sided strip
sensor (DSS) so as to reduce the material budget. The DSS sensors will cover the 3rd
and 4th barrel and the external region of the 5th and 6th forward disks, for an area of
0.5 m2, with 200 k readout channels.

1.4 Principles of detection system

For understanding which particle hit and where is necessary the sensor and the Front-
end. In particular, in these thesis we are interesting about Strip detector. In these kinds
of detectors the magnitude of the signal measured on a given electrode depends on its
position relative to the sites of charge formation. Angled tracks will deposit charge on
two or more strips. Evaluating the ratio of charge deposition allows interpolation to
provide position resolution better than expected from the electrode pitch alone.
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Fig. 1.9. Charge collection in a simple ionization chamber.

1.6.2 Position sensing

The electrodes of the sensor can be segmented to provide position information.
Now the magnitude of the signal measured on a given electrode depends on
its position relative to the sites of charge formation, as shown in Figure 1.10.
Segmenting one electrode into strips, as shown in the left panel of Figure 1.11,
provides position information in one dimension. Angled tracks will deposit charge
on two or more strips. Evaluating the ratio of charge deposition allows interpola-
tion to provide position resolution better than expected from the electrode pitch
alone. We’ll return to this later. A second orthogonal set of strips on the opposite
face gives two-dimensional position readout, shown in the second panel of Figure
1.11.

In a colliding-beam experiment the strip pitch (center-to-center distance) is
typically 25 – 100 µm and lengths range from centimeters to tens of centimeters,
usually aligned parallel to the beam axis to provide r� coordinates. The maxi-
mum strip length per sensor is limited by wafer size (10 – 15 cm for detector-grade
Si), so multiple sensors are ganged to form longer electrodes. Practical detectors
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Fig. 1.10. Segmenting the sensor electrode provides position information. Angled

tracks deposit charge on two or more electrodes.
Two-dimensional position sensing using crossed strips is simple, but has problems

at high hit densities. Each hit generates an x- and a y-coordinate. However, n tracks
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Requirements	
  

•  Rate/channel	
  	
  ~	
  30	
  kHz	
  

•  ~	
  4	
  mW	
  per	
  channel	
  
	
  
•  200000	
  channel	
  
	
  
•  Triggerless	
  

•  Preserve	
  the	
  charge	
  informaBon	
  

•  Only	
  digital	
  outputs	
  with	
  9	
  bits	
  



Electronics	
  for	
  strips:	
  binary	
  



ADC	
  



Time	
  Over	
  Threshold	
  technique	
  



Chip	
  architecture	
  

Leading	
  edge	
   Trailing	
  edge	
  



Since	
  the	
  rate	
  per	
  strip	
  is	
  about	
  30	
  kHz	
  the	
  biggest	
  signal	
  is	
  
exhausted	
  in	
  3.2us,	
  so	
  we	
  have	
  a	
  pile-­‐up	
  problem.	
  	
  
We	
  want	
  a	
  system	
  that	
  has	
  1LSB	
  =	
  400ps	
  

29	
  =	
  512	
   6.25ns	
  	
  	
  	
  	
  � 512	
  =	
  3.2us	
  

Clock	
  resoluIon	
  



Goals	
  

•  Redesign	
  and	
  opImizaIon	
  the	
  TDC	
  
•  InvesIgaIon	
  about	
  new	
  technology	
  



Time	
  to	
  Digital	
  Converter	
  

•  Accurate	
  

•  Low	
  power	
  

•  Compact	
  

•  Slow	
  



Wilkinson	
  ADC	
  



	
  TDC	
  implementaIon	
  



	
  TDC	
  implementaIon	
  



	
  TDC	
  implementaIon	
  



	
  TDC	
  implementaIon	
  



Timing	
  

With	
  this	
  system	
  we	
  obtain	
  that	
  1LSB	
  =	
  49ps,	
  since	
  we	
  have	
  6.25ns/128	
  	
  



Current	
  Mirror 	
  	
  

rout ≅
1
gds

≅ 20kΩ

rout (th) =
Δv
Δi

≈ 400MΩ

29 = 512→1LSB = 1
512

≈ 2‰

For	
  a	
  nominal	
  current	
  of	
  500nA	
  the	
  2‰	
  is	
  1nA	
  	
  



Cascode	
  current	
  mirror	
  

rout1 ≈ gm3r03r01 ≈ 20MΩ



Double	
  cascode	
  current	
  mirror	
  

rout ≈ gm5r05rout1 = gm5r05gm3r03r01 ≈ 550MΩ



Transistor	
  level	
  implementaIon	
  

x	
  31	
   x	
  1	
   x	
  0.5	
   x	
  0.25	
   x	
  0.125	
  



Costant	
  Current	
  Source:	
  I2	
  



Nominal	
   0.408‰	
  

FF	
   0.176‰	
  

SS	
   1.360‰	
  

Costant	
  Current	
  Source:	
  I2	
  (2)	
  



Time	
  to	
  Amplitude	
  Converter	
  



TAC	
  characterisIc	
  

Vout(mV)	
  

Vin(V)	
  



TAC	
  characterisIc	
  

Gain	
  

Nominal	
   1250	
  

FF	
   861	
  

SS	
   860	
  



TDC	
  linearity	
  



TDC	
  linearity	
  (2)	
  

Linearity	
  =	
  	
  0.13%	
  



Temperature	
  

T	
  (°C)	
   Bits	
  

0	
   0010111101	
  

25	
   0011000000	
  

50	
   0011000001	
  

75	
   0011000001	
  

100	
   0011000001	
  

125	
   0011000001	
  



Corners	
  Process	
  FF	
  



Corners	
  Process	
  SS	
  



Outlooks	
  

•  Improve	
  TDC	
  flexibility	
  

•  Further	
  study	
  of	
  the	
  TDC	
  

•  Study	
  the	
  complete	
  circuit	
  ToT-­‐TDC	
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Current	
  error	
  

y = a+ bx = 508.257+1.724x Δy
< y >

=
b

< y >
= 0.00340 0.00340*0.4V = 0.00136 =1.36‰



Current	
  sweep	
  



TAC	
  number	
  

Event	
  rate	
  max	
  ~	
  50kHz	
  
	
  
Deat	
  Ime	
  ~	
  3.2us	
   P(n) = (rΔt)

n e−rΔt

n!

P(0)=86.07%	
   1-­‐P(0)=13.93%	
  

P(1)=12.91%	
   1-­‐P(0)-­‐P(1)=1.02%	
  

P(2)=9.68‰	
   1-­‐P(0)-­‐P(1)-­‐P(2)=0.51‰	
  



Costant	
  Current	
  Source:	
  I1 	
  	
  

Nominal	
   0.004‰	
  

FF	
   0.001‰	
  

SS	
   0.003‰	
  

With	
  9	
  bits	
  the	
  percentage	
  error	
  is	
  1/512	
  =2‰	
  



TDC	
  linearity(2)	
  

Linearity	
  :	
  0.02%	
  



TDC	
  linearity	
  (3)	
  

T_hit	
  (ns)	
   Goodness(%)	
  

99	
   0.021	
  

98	
   0.025	
  

97	
   0.030	
  

96	
   0.005	
  

95	
   0.008	
  

94	
   0.011	
  



A	
  technology	
  vs	
  B	
  technology	
  

Mean	
  =	
  31.75	
  
	
  
Standard	
  deviaIon	
  =	
  0.24	
  

Mean	
  =	
  32.00	
  
	
  
Standard	
  deviaIon	
  =	
  0.10	
  


