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Factors	
  Limi0ng	
  Timing	
  
z  DriM	
  [..Aging,	
  temperature]	
  
z  JiRer	
  [..Electronic	
  noise]	
  
z Walk	
  [..Input	
  pulse	
  amplitude]	
  

Fig.1:	
  Ji)er	
  and	
  Walk	
  in	
  Leading-­‐Edge	
  Timing	
  Discriminator	
  

«  CFD	
  &	
  zero-­‐crossing	
  techniques	
  à	
  highly	
  recommended	
  for	
  minimizing	
  “walk”	
  

JiRer(Time	
  error)	
  

Discriminator	
  Threshold	
  

Noise	
   Walk	
  

(A)	
   (B)	
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« Walk	
  can	
  degrade	
  0ming	
  when	
  a	
  wide	
  range	
  of	
  pulse	
  amplitudes	
  are	
  processed	
  	
  

Jitter = VN
dV dt( )

§  VN:	
  Noise	
  voltage	
  
amplitude	
  

§  dV/dt:	
  Signal	
  slope	
  when	
  
leading	
  edge	
  crosses	
  
threshold	
  

With:	
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  Timing-­‐CFD	
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Pulse	
  Shaping	
  by	
  CFD:	
  

3	
  

¥  Splits	
  input	
  signal	
  into	
  two	
  parts	
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Figure 2: Input Pulse to CFD 

Fig.2:	
  CFD	
  input	
  pulse	
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Figure 3: Attenuated Pulse

¥  ARenuates	
  one	
  part	
  to	
  certain	
  frac0on,	
  f	
  

Fig.3:	
  A)enuated	
  pulse	
  

¥  Delays	
  and	
  inverts	
  the	
  other	
  part	
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Figure 4: Delayed and Inverted PulseFig.4:	
  Delayed	
  and	
  inverted	
  pulse	
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Equa0ons	
  for	
  CFD	
  	
  
	
  
§  Input	
  pulse,	
  Vi	
  =	
  -­‐At	
  
§  ARenuated	
  pulse,	
  Va	
  =	
  -­‐fAt	
  
§  Delayed	
  &	
  inverted	
  pulse,	
  Vd	
  =	
  A(t-­‐td)	
  
Where:	
  
§  A	
  =	
  iniMal	
  amplitude	
  
§  f	
  =	
  fracMon	
  
§  td	
  =	
  delay	
  

Fig.5:	
  Sum	
  of	
  A)enuated,	
  delayed	
  and	
  
inverted	
  pulses	
  

4	
  

¥  ARenuated,	
  delayed	
  and	
  inverted	
  pulses	
  
are	
  added	
  and	
  zero	
  crossing	
  computed	
  

Finding	
  zero-­‐crossing	
  
Set	
  
	
  0	
  =	
  Va	
  +	
  Vd	
  [and	
  solve	
  for	
  t]	
  

0 = − fAt + A t − td( )

∴tcross =
td
1− f( )

z  CFDs	
  give	
  
op0mum	
  σt	
  	
  in	
  
frac0on	
  range	
  
0.2	
  ≤	
  f	
  ≤	
  0.4	
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Figure 5: Sum of Attenuated and Delayed and Inverted Pulses
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Σ

-­‐-­‐-­‐-­‐-­‐	
  Input	
  

Output	
  Timing	
  Logic	
  Pulses	
  

Output	
  Shaping	
  Circuitry	
  

One-­‐Shot	
  

Zero	
  Crossing	
  Reference	
  

SUM	
  

Delay	
  td	
  

-­‐1	
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0	
  <	
  f	
  <	
  1	
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Fig.6:	
  Func0onal	
  Representa0on	
  of	
  Constant-­‐Frac0on	
  Discriminator	
  

Func0onal	
  Circuit	
  Representa0on	
  of	
  CFD	
  



CFD	
  Simula0on	
  

300	
  MeV	
  Neutron	
  Energy	
  

Examined:	
  
­ Time	
  Resolu0on	
  
­ Posi0on	
  Resolu0on.	
  

Simula0on	
  parameters:	
  
¤ L1	
  =	
  1000	
  mm	
  
¤ L2	
  =	
  1000	
  mm	
  
¤ Td	
  =	
  2	
  ns	
  
¤  fCFD	
  =	
  0.4	
  

Simula;on	
  Algorithm	
  

Involved:	
  
	
  
¤ Photon	
  genera0on	
  
¤ Signal	
  genera0on	
  
¤ Signal	
  propaga0on	
  
¤ Signal	
  aRenua0on	
  
¤ Hit	
  grouping	
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Time	
  Resolu0on	
  Result	
  
300	
  MeV	
  Neutron	
  Energy	
   300	
  MeV	
  Neutron	
  Energy	
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tsig1 = 57.634ns
σ t1 = 0.260ns

tsig2 = 57.624ns
σ t2 = 0.244ns

PMT1	
  Hit	
  Time	
  

PMT2	
  Hit	
  Time	
  

Average	
  Hit	
  Time	
  

§  Average	
  Hit	
  Time	
  

taver =
tsig1 + tsig2

2
taver = 57.632ns
σ aver = 0.260ns

L1	
  =	
  1000	
  mm	
  

L2	
  =	
  1000	
  mm	
  

taver = 57.632ns
σ aver = 0.260ns



CFD-­‐Frac0on	
  Triggering	
  Level	
  Scan	
  

300	
  MeV	
  Neutron	
  Energy	
   Frac;on,	
  f:	
  02	
  ≤	
  0.4	
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Simula0on	
  parameters	
  
§  300	
  MeV	
  Neutrons	
  
§  L1	
  =	
  1000	
  mm	
  
§  L2	
  =	
  1000	
  mm	
  
§  fCFD	
  =	
  0.2	
  ≤	
  0.4	
  
§  Td	
  =	
  2	
  ns	
  

Frac0on,	
  f	
   Resolu0on	
  

0.2	
   204	
  ps	
  

0.3	
   226	
  ps	
  

0.4	
   260	
  ps	
  



Posi0on	
  Resolu0on	
  Result	
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Hit	
  Posi0on	
  (Center	
  =	
  1000	
  mm)	
  

Simula0on	
  parameters	
  
§  300	
  MeV	
  Neutrons	
  
§  L1	
  =	
  1000	
  mm	
  
§  L2	
  =	
  1000	
  mm	
  
§  fCFD	
  =	
  0.4	
  
§  Td	
  =	
  2	
  ns	
  

Hit	
  posi0on	
  results	
  
§  Posi0on	
  =	
  1000	
  mm	
  
§  Resolu0on	
  =	
  12.8	
  mm	
  

z =1000.0mm
σ z =12.8mm
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