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•! AFP – the application!

•! Existing HPTDC ToF 
system (! ~ 15 ps)!

•! Towards a picosend 
HPTDC (! ~ 3ps)!

•! Where are we now -
tests!

•! The future!
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HPTDC	  Based	  ToF	  System	  	  
(Designed	  and	  built	  at	  the	  UofA)	  

•  HPTDC	  board	  	  (	  9	  channels)	  
–  3	  HPTDC	  chips	  (16	  Ch)	  
–  Capable	  of	  15	  MHz	  throughput	  
–  σTime	  ≈	  14	  ps	  with	  pulser	  

•  5	  ps	  resolu,on	  CFD	  demonstrated	  	  
•  New	  version	  of	  CFD	  nearly	  ready	  

–  An	  improved	  resolu,on	  observed	  ~3ps	  	  
–  Also	  provides	  ToT	  measurement	  
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Challenges	  in	  the	  PS	  Realm	  
● 	  	  Device	  mismatch	  

	  -‐>	  Careful	  simula,on	  and	  op,miza,on	  
	  -‐>	  Major	  impact	  on	  design	  and	  performance	  

● 	  	  Noise	  (power	  supply)	  
	  -‐>	  Short	  delays,	  fast	  edges	  
	  -‐>	  Separate	  power	  domains	  
	  -‐>	  Substrate	  isola,on	  
	  -‐>	  Crosstalk	  	  

● 	  	  Signal	  distribu,on	  cri,cal	  
	  -‐>	  RC	  delay	  of	  wires	  
	  -‐>	  balanced	  distribu,on	  of	  ,ming	  cri,cal	  signals	  

● 	  Process-‐Voltage-‐Temperature	  varia,ons	  
	  -‐>	  LSB	  auto	  calibra,on	  to	  compensate	  for	  slow	  VT	  varia,ons	  
	  -‐>	  Global	  offset	  calibra,on	  s,ll	  required	  
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•! Central interpolator with counter to 

extend dynamic range 

•! Measurements are ref’d to common 
ref. for synch. of multiple TDCs 

•! DLL for PVT auto calibration and 
power consumption trade-off 

•! Short propagation delays and fast 
signal slopes of timing critical 
signals to reduce jitter 

•! Calibration applied on a group of 
channels to reduce circuit overhead 
and calibration time 

•! Relatively constant power 
consumption make it less sensitive 
to change in hit rate 
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Resistive Interpolation 
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Conclusion 
§  Demonstrator TDC has been designed, prototyped  and 

successfully tested. 
§   3ps RMS time resolution has been achieved 
§  Device mismatch considerably affects performance 

-> Trade off: Power, Resolution, Calibration 
§  Macro suitable for high resolution general purpose  TDC 

§  Simulation of the whole ASIC has begun at UofA in order 
to  produce  complete design for first ASIC run  

§  Radiation hard technology utilized 
§  Switchable between high resolution (hi power) low resolution (lo power)  
§  Working on reducing power requirements at high resolution 
§  Larger number of channels (64-128) than initial HPTDC design 
§  ~40 MHz data throughput possible 

§  Aiming for the first trial ASICs within a year. 




