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6. Test Procedure and Results 
Eighteen (18) runs were performed.  The occurrence and types of upset events are shown in Table 3. In Figure 4 a 
screen shot shows the visual record of each type (where applicable). Any network loss was investigated using the IP 
Camera, and networking at the router and arbiter.  
 

Table 3: Upset Type Occurrence 

Event Occurrence 
System Halt, Power Reset (SEFI) 17 
Pixel Artifacts 7 
DUT unresponsive at test initiation  
(after forced restart) 

5 

System OK, DUT halted 3 
 

 
Figure 4: "Eyes in the Room" View of In-Room Monitor and Thermocouple Datalogger during Irradiation 

 
A tabulation of the crash conditions and beam parameters is provided in Table 4.   
 
It is also worth noting that upon power cycling the device, the device behaved normally.  Further, no drift in 
temperature was noted other than a negligible increase due to computational loading.  This was correlated between 
software sensors in GPU-Z (as seen in Figure 2) and a thermocouple placed on the DUT’s die fillet.  
 
Figure 5 shows the results of the proton testing with SEU cross section and SEFI cross section. 
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C. Hardware 
The DUT is the graphics chip located on the PCI-e carrier board. Due to the orientation of the GPU on the system 
board, a riser cable (Digikey part number 3M12026-ND) was used to place the GPU above the test computer.  This 
also permitted the computer to be surrounded by lead and Lucite bricks to prevent SEFIs on the motherboard. The 
beam was aligned to the obverse side of the GPU card. No fan-sink is located on this side of the card because 
sufficient cooling is produced on the reverse side of the card from the cooling system. There was sufficient clearance 
around the GPU chip and no components were present on the secondary side of the system board within the z-axis 
of the chip.  This was advantageous as it allowed some radiation shielding to other system components such as the 
power management and flash memory components.  
 
Lucite bricks were used to shield the power supply of the DUT from scattered neutrons which are a result of proton 
collisions within materials in the beam�s path.  A photograph of the board under test is shown in figure 3. Scissor-
stands and vices were used to hold the cooling system and the secondary ambient blower (8� duct fan).    
 

 

 
Figure 3: nVidia GTX 1050 GPU in laser alignment beam at MGH 
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