Evaluation of FPGA Technology for FVTX Read-out Controller
The evaluation of the FPGA technology available for use on the FVTX Read-out Controller (ROC) primarily considers the effects of the radiation on the performance of the overall system.  Additional considerations included I/O configurations, serial communication capabilities and reconfiguration of the device within the system.  The choice of technology is primarily the choice of configuration memory technology as logic implementation and density do not really impact our application.  The different configuration technologies and their suppliers under consideration are as follows:
SRAM 
Altera, Xilinx

FLASH
Actel ProASIC3

Anti-fuse 
Actel Axcelerator

The primary concern for FVTX about FPGAs is the ability to operate in a radiation environment.  Considerable effort and investigation has gone into this question by such organizations as NASA, DOD and CERN.  The concern here is to determine the radiation environment and its effects on FPGA performance for the FVTX system.  The radiation environment for the FVTX is the environment of the PHENIX interaction area with either RHIC I or RHIC II luminosities.  The master’s thesis A scalable analytic model for single event upsets in radiation-hardened field programmable gate arrays in the PHENIX interaction region by Steven Skutnik provided invaluable information on defining these environments as did the ASIC discussion section of the VTX TWIKI (give web address).  
Based on the above, the upset rates in the PHENIX radiation environment at 10 and 40 cm are as follows:
RHIC I AuAu

10cm
1.6x10-6 /bit/hr

40cm
1.0x10-7 /bit/hr

RHIC II AuAu

10cm
1.6x10-5 /bit/hr

40cm
1.0x10-6 /bit/hr

RHIC II p+p

10cm
1.28x10-4 /bit/hr

40cm
8.0x10-5 /bit/hr

The primary elements of the FPGA that are affected by the radiation are the SRAM memory elements, clocks and sequential logic.  The primary concern with Altera and Xilinx FPGAs is that the configuration or functionality of the device is contained in SRAM and upsets in this memory affect the function of the device and will cause it to no longer perform the function as it was initially programmed.  Both Xilinx and Altera offer configuration “scrubbing” solutions that check the configuration but they require a reload of the configuration if an error is detected, which takes time.  The configuration SRAM size dominates the FPGA SEU rates as it is 3 to 10 times the size of the data SRAM available.  The configuration and data memory sizes for a mid-range Statix II GX part and a high-end Cyclone II part are shown below:
Altera EP2SGX60
Configuration SRAM = 16,951,824
Data SRAM = 6,747,840
Altera EP2C70
Configuration SRAM = 14,319,216
Data SRAM = 1,152,000
The SEU rates for the SRAM based FPGAs must include both configuration and data memories. The Altera and Xilinx devices are extremely similar in regards to their radiation susceptibility so we use just the Altera device as an example here.  In consideration of the application in the FPGA for FVTX, data memory upsets are ignored and triple redundancy methods would be used on sequential logic to  reduce upsets to negligible levels.  Therefore, considering only configuration SRAM upsets, the upset rate for the Altera chips are as follows:
EP2SGX60
27.12 upsets/hr
RHIC I AuAu
10cm

EP2C70
22.91 upsets/hr
RHIC I AuAu
10cm

EP2SGX60
271.2 upsets/hr
RHIC II AuAu
10cm

EP2C70
229.1 upsets/hr
RHIC II AuAu
10cm

EP2SGX60
2170 upsets/hr
RHIC II p+p
10cm

EP2C70
1833 upsets/hr
RHIC II p+p
10cm

EP2SGX60
1.70 upsets/hr
RHIC I AuAu
40cm

EP2C70
1.43 upsets/hr
RHIC I AuAu
40cm

EP2SGX60
16.95 upsets/hr
RHIC II AuAu
40cm

EP2C70
14.32 upsets/hr
RHIC II AuAu
40cm

EP2SGX60
135.6 upsets/hr
RHIC II p+p
40cm

EP2C70
114.6 upsets/hr
RHIC II p+p
40cm

These upset rates are per device so the system upset rate is determined by multiplying these rates by the number of devices in the system.  For the LDRD version of FVTX device count is between 12 (lower limit should be 8 if you follow our design) and 48  and for the DOE FVTX system the device count is between 48 and 192 devices.  Even with configuration scrubbing the SRAM FPGAs have an unacceptable down time because the configuration reload time is between 1 and 2 seconds.  
The Actel FPGAs do not have SRAM configuration memory so they are immune to this form of upset.  FLASH memories exhibit dissipation of the charge on the floating gate after 20kRad of integrated dose.  The dissipation is not permanent damage and is remediated by reprogramming the device.  Flash memories also displayed SEE problems during programming during radiation exposure that included gate punch-through, a destructive effect.  These types of SEEs are avoided by not programming the FLASH under radiation exposure conditions, namely during machine operation.  
The Actel FPGAs have a decided advantage over the SRAM based FPGAs since they do not have configuration upsets.

The additional factors to consider for the selection of the FPGA are I/O configurations, serial communication capabilities and reconfigurability in the system.  
The I/O configuration necessary for the ROC is to accept many input differential LVDS pairs as that is the native signaling mode for both the FPIX and PHX interface chips.  The Actel devices allow for almost 100% of their I/O pins to be differential pairs.  The Altera devices are both less than 50% necessitating the inclusion of LVDS to CMOS translators in order to use these devices.  
The Altera Stratix II GX includes built-in SERDES for up to 6.375 Gbit/s data links (and Xilinx does too right?).  None of the other devices have this feature and thus will require an external device for high speed serial communications protocols (> 600Mbits/sec).  Each of the devices have the capability for moderate speed (600 Mbit/sec) communications.  
Finally, in-system reconfiguration is available for the Actel ProASIC 3 Flash based FPGA and the Altera devices.  The Actel Axcelerator is a one-time programmable device.
In consideration of all of these factors the Actel ProASIC 3 Flash based FPGA provides the best solution to the FVTX ROC FPGA requirements because it is immune to radiation problems, it provides the I/O capabilities required, it allows reprogrammability.  The following table summarizes most of these factors for the different candidate FPGAs.
FVTX Read-out Controller FPGA Comparison

	
	Actel Axcelerator
	Actel ProASIC3
	Altera Stratix II GX
	Altera Cyclone II

	Model
	AX 2000
	A3PE3000
	EP2SGX60
	EP2C70

	Configuration type
	Anti-fuse
	FLASH
	SRAM
	SRAM

	Radiation Tolerance
	200kRad
	200kRad
	50kRad
	50kRad

	Single-ended I/O / Differential I/O pairs
	684 / 342
	616 / 300
	534 / 78
	622 / 262

	Voltages
	1.5
	1.5
	1.2
	1.2

	Power (Quiescent)
	22mA
	25mA
	820mA
	250mA

	Built-in SERDES
	No
	No
	Yes
	No

	I/O Rates 
	LVDS - 700 Mb/s
	LVDS - 700 Mb/s
	LVDS-6.375 Gb/s
	LVDS-622 Mb/s

	Configuration Errors
	No
	No
	Yes
	Yes

	SEE types
	clocks, data memory
	clocks, data memory
	configuration, clocks, memory, SERDES
	configuration, clocks, memory

	SRAM Memory- Data
	294912
	516096
	6747840
	1152000

	SRAM Memory- Configuration
	0
	0
	16951824
	14319216

	FLASH Memory- Configuration
	0
	0
	32 Mbyte
	16 Mbyte

	RHIC I AuAu SEU Rate - 10 cm /hr-chip
	0.00
	0.00
	27.12
	22.91

	RHIC I AuAu SEU Rate - 40 cm /hr-chip
	0.00
	0.00
	1.70
	1.43

	RHIC II AuAu SEU Rate - 10 cm /hr-chip
	0.00
	0.00
	271.23
	229.11

	RHIC II AuAu SEU Rate - 40 cm /hr-chip
	0.00
	0.00
	16.95
	14.32

	RHIC II p+p SEU Rate - 10 cm /hr-chip
	0.00
	0.00
	2169.83
	1832.86

	RHIC II p+p SEU Rate - 40 cm /hr-chip
	0.00
	0.00
	135.61
	114.55

	Total Integrated Dose
	>200k
	>200k
	>50k
	>50k

	
	
	
	
	

	SEU Rates
	
	
	
	

	RHIC I AuAu-10cm
	1.60E-06
	
	
	

	RHIC I AuAu-40cm
	1.00E-07
	
	
	

	RHIC II AuAu-10cm (200GeV)
	1.60E-05
	
	
	

	RHIC II AuAu-40cm (200 GeV)
	1.00E-06
	
	
	

	RHIC II p+p-10cm (500 Gev)
	1.28E-04
	
	
	

	RHIC II p+p-40cm (500 Gev)
	8.00E-06
	
	
	


Define “Radiation Tolerance” above – device is dead at that point rather than just in need of reconfiguration?  Should again comment that just Altera comparison is made because Xilinx is no better (?)
