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What Is A “PET Event”?
(What Do You Need To Record?)

*Non-TOF PET: A Chord — Defined By Two End Points
*Time-of-Flight PET: A Chord and A t




\What Is The Electronics Concept?l

“Singles Event”

* Position (crystal of interaction)

\

At

“Singles Event”

* Position (crystal of interactign)
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*ldentify “Singles Events”
*Find Time Coincidences Between Singles Events w/ A t
*“Coincident Event” = Pair of Singles Events




Identifying Time Coincidences

Slice 1 Slice 2 Slice 3 Slice 4 Slice 5 Slice 6
Not Coincidence Coincidenge .
Cbincidence _ Coincidence _ Coincidence
Sfe Single
Single .
Single Siagle Single
o ingle
ingle .
Slagle Single e _
\ @ Single
Time
A tmax

*Break Time Into Slices (100-250 ns / slice)
- Search for Singles Within A t__ (4-12 ns) in Each Slice

* Greatly Reduces Combinatorics




Numbers

* 150-200 Detector Modules per Camera

* 100 kHz Typical Singles Rate per Module

* 1 MHz Maximum Singles Rate per Module

* 1 MHz Typical Coincidence Rate per Camera

* 4 MHz Maximum Coincidence Rate per Camera

*Low Singles / Coincidence Ratio
*Low Occupancy in Each Detector Module
UMultiplex Singles Events




PET Detector Module
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Decode Crystals Using Anger Logic (Light Sharing




\Position Identificationl
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‘ldentify Crystal of Interaction Using Lookup Table
*Position Given by Crystal ID




Energy Validation
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*Yes/No Decision Based on Measured Energy
‘Individual Thresholds for Each Crystal
‘Implemented Using Lookup Table




Detector Module

Time Stamp
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From Central Timing Board
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Time Slice Boundary

*“Raw” Time Stamp is Digitized Time Since
Last Time Slice Boundary
*Each Crystal Assumed to Have a Different
(But Constant) Propagation Delay
* Propagation Delays Measured w/ Positron Source
and Stored in a Lookup Table
*Correction Factor Added to “Raw” Time




Typical Front End Architecture

PMTs
Logic
® _| Gain Adjust, |
A Integrate A+B
~| Sum v, Y Crystal Lookup
o .| GainAdust, | § Jy ADC 1 (X&YDID)
B Integrate B+D
o] Sum Vi, X Energy
o, Gain Adjust Jy ADC  Validation
C Integrate (E & ID [0 5117?)
)Vin E
D ,| Gain Adjust, | | +5V—VrefADC | Time Stamp
Integrate (T &ID O T Stamp)
> T
>l Sum —@— CFD - TDC o Event Formatting

Corrections Done In Real Time, Outputs Singles Events




Implementation (~1995)

PMTs
° | Gain Adjust, | Custom ASIC
A Integrate A+B
~| Sum v, Y Crystal Lookup
o .| GainAdust, | § Jy ADC 1 (X&YDID)
B Integrate B+D
o] Sum Vi, X Energy
o, Gain Adjust Jy ADC ' Validation
C Integrate (E & ID O 5117?)
)Vin E
D ,| Gain Adjust, | | +5V—VrefADC | Time Stamp
Integrate (T &ID O T Stamp)
> T
>l Sum —@— CFD - TDC o Event Formatting

Analog Done w/ Discretes, Digital Done w/ Custom ASIC




PMTs
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Implementation (~2000)
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Time Stamp
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Event Formatting

Analog Done w/ Custom ASIC, Digital Done w/ FPGA




Implementation (~2005)

PMTs Custom ASIC Free-Running
. | Gain Adjust, (~75 MHz) FPGA & Memory
A Anti-Alias Vo De -2
VoWV Crystal Lookup
o Gain Adjust (X& ¥ LID)
B Anti-Alias Vo oo -2
+5V_)Vref
Energy
PO Gain Adjust, Validation
C " Anti-Alias Voroe S| (E&IDO511?)
+5V_)Vref
Gain Adjust, ;
D | Anti-Alias Vi D IS Sty
ADC » | (T &ID O T Stamp)
+5V_)Vref
> T
> Sum > CFD > TDC > Event Formatting

Op-Ampl Free Running ADC, More Digital Done w/ FPGA




OpenPET Implementation (~2010)

PMTs Free-Running
o | Gain Adjust, (~75 MHz) FPGA & Memory
Anti-Alias Vo rpe AL
VW oo Crystal Lookup
o Gain Adust (X&yLID)
Anti-Alias Vo rpe Pl
+5V_)Vref
Energy
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Anti-Alias Ve rpe Sl | (E&IDO511?)
+5V_)Vref
,| Gain Adjust, Time Stamp
Anti-Alias Vin D
ADC |[—— | (T &ID O T Stamp)
+5V_)Vref
> T
>l Sum | Leading Edge > TDC > Event Formatting

Analog Done w/ Discrete, More Digital Done w/ FPGA
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