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OUTLINE OF TALK 

Overview of Electronics conceptual design for GRETA 
–  Digitizer 
–  Signal Filter Board 
–  Trigger and Timing System 
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ELECTRONICS REQUIREMENTS 

Electronics	System	Requirements	
§ Deliver	digital	signal	processing	electronics	to	instrument	30	Quad	Detector	Modules,	
capable	of	digi:zing	detector	preamplifier	signals	at	100	MHz	sampling	frequency,	over	
a	dynamic	range	up	to	25	MeV,	maintaining	the	intrinsic	detector	energy	resolu:on	of	<	
2.5	keV	(FWHM)	at	1.33	MeV.	

§  Ensure	integral	(differen:al)	non-linearity	≤	±	0.01%	(1%)	as	measured	in	the	final	
energy	spectrum	with	a	nominal	gain	of	0.3	keV/channel	over	10	MeV.	

§  Ensure	synchronous	ADC	sampling	across	the	array.	

§  Provide	a	global	:me	stamping	mechanism	to	allow	event	reconstruc:on	including	
external	detector	systems.	

§  Provide	real-:me	energy	and	:ming	filters	and	waveform		windowing.	

§  Provide	a	trigger	system	capable	of	producing	a	fast	trigger	output	(<	500	ns)	to	
auxiliary	detectors,	iden:fying	physics	events	for	readout	and	incorpora:ng	trigger	
inputs	from	external	detector	systems.		
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ELECTRONICS DESIGN CONSIDERATIONS 
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PROPOSED CONCEPTUAL DESIGN 
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64	Gbit/s/crystal	 32	MB/s/crys	



DELIVERABLES FOR ELECTRONIC SUBSYSTEM 
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DIGITIZER MODULE DESIGN 
LBNL – T. STEZELBERGER  
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LOCATION OF ADC BOARD 
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ADC FOR GRETA 
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SIGNAL FILTER BOARD 
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64	Gbit/s/crystal	
32	MB/s/crystal	

(4000	event/s/crystal)	

•  Filter Board receives the entire output from digitizer 
•  Compute filter for all ADC data streams 

-  Event time 
-  Event energy 

•  Package “Validated Events” and transmit to computer cluster 
•  Upgradable !!! 



SIGNAL FILTER BOARD 
LBNL – T. STEZELBERGER 
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TRIGGER SYSTEM DESIGN  
ANL – J. ANDERSON 
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and/or	



TRIGGERING ARCHITECTURE FOR GRETA Triggering Architecture for GRETA!

Gamma interactions within the detector generate analog signals that are 
digitized by the digitizer module.  Discriminator logic looks for edges.!

Physics occurs 



Triggering Architecture for GRETA!

Digitizer sends center contact hits 
to trigger quickly, energy data later 

Discriminator firings are reported promptly to the trigger.  Coarse energy 
sums, segment patterns, etc. are also provided, but at some delay.!



TRIGGERING ARCHITECTURE FOR GRETA Triggering Architecture for GRETA!

Trigger system calculates 
multiplicity, energy sums, segment 
patterns, etc. 

The trigger continuously monitors internal and external trigger conditions 
at all time, running up to 8 parallel triggering algorithms.!

Trigger system may receive 
triggers from external detectors at 
any time. 



Triggering Architecture for GRETA!

Results of trigger calculations are compared 
against programmed thresholds and for 
coincidence with external triggers.   
 
If all good, the timestamp from the timing 
system is sampled and a time-stamped 
trigger accept message is sent to the Filter 
Boards. 

Trigger accept messages are 
also broadcast to external 
detectors. 

Each enabled trigger algorithm can independently send one trigger 
accept message every 2 microseconds (500kHz).  FIFOs for trigger 
accept messages allow each algorithm to support burst rates up to about 
5MHz.!



Filter boards scan all available data from 
digitizers whose time-stamps fall within a 
programmable window relative to the time-
stamp in the trigger accept message. 
 
All data in the window is selected for readout.  
Data not in the window is discarded. 

Formation time of fast multiplicity triggers is ~500ns.  Other algorithms 
vary but typically solve in 1-2us.  The filter board holds possibly selectable 
events for much longer to allow for coincidences with external detectors.!
!

Triggering Architecture for GRETA!



TIMING SYSTEM DESIGN  
ANL - J. ANDERSON 
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TIMING SYSTEM AS USED IN DIGITAL GAMMASPHERE 
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Control Crate
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Fast strobe output &
Auxiliary detector
trigger and clock
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Trigger Timing &
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Trigger Timing and 
Control Crate

XTAL
Inputs

XTAL
Inputs

Network
switch

Fast strobe output &
Auxiliary detector
trigger and clock

Network
switch

Network
switch

Trigger Timing &
Control Link

The master trigger of one system 
may use the clock from the 
master of another system just 
like router triggers use the clock 
of their master trigger.!

The MyRIAD module in 
an external detector’s 
DAQ latches the DGS 
timestamp when local 
triggers occur!

The RF clock from the 
accelerator is connected to 
the master trigger.  A 
firmware TDC measures 
the sub-clock timing of the 
RF relative to the system 
clock.!

“DGS” 

“DFMA” 

ALL FEATURES 
DIRECTLY 
APPLICABLE TO 
GRETA DESIGN 



www.anl.gov 

Suggested closing statement (optional):  
 
WE START WITH YES. 
AND END WITH THANK YOU. 

DO YOU HAVE ANY BIG QUESTIONS? 
 

THANKS FOR YOUR ATTENTION 
 
THANKS ALSO TO J. JOSEPH, T. STEZELBERGER 
AND J. ANDERSON FOR USE OF MANY OF THEIR 
SLIDES IN THIS PRESENTATION.  


