PSI Irradiation Test Duration

We plan to expose a PC board at PSI to protons up to ~ 500 Gy.  

The proton beam at PSI can be tuned to between 6 and 250 MeV/proton kinetic energy.  The intensity of the beams is approximately 5x108/cm2/s and is uniform (for the low energy facility over a circle of 5 cm diameter 90% flat) or Gaussian (for high energy facility, FWHM of 6 cm).

Assuming a size of 0.2” x 0.15” x 0.025” of the silicon active volume of typical chip on Mike’s board leading to a volume of 0.013 cm3 to irradiate. Using a silicon density of 2.33 g/cm3, a typical chip will have ~ 0.030 gm of silicon.

With a beam intensity of 5 x108  proton/cm2/s incident on the card and  typical sensitive area of 0.197 cm2 of a typical chip on the card (oriented perpendicular to the beam), the chip would intercept 5 x108 x 0.197 cm2 ~ 0.98x108 protons/s .  

Assuming dE/dx >20 MeV/gm-1 cm2 for protons in silicon, the dE/dx deposited in the silicon per proton would be approximately 

dE/dx~ 20 MeV gm-1 cm2 x 2.33 gm/cm3 ~ 2.2 MeV/cm/p 

Using a thickness of silicon in the typical chip of 0.064 cm, we get an energy deposit/p in a typical chip of 0.141 MeV/p

For a beam intensity of 0.98x108 protons/s into the chip, this results in an energy deposit of 

0.98x108 p/s x 0.141 MeV/p ~ 1.38x107 MeV/s

into 0.030 gms

or a energy density of 

4.6 x108 MeV/g = 4.6 x1011 MeV/kg

Converting this to Gy’s (1 Gy = 6.24x1012 MeV/kg), we obtain

4.6 x1011 MeV/kg/s /(1 Gy ~ 6.24 x1012 MeV/kg )  ~ 0.074 Gy/s

The blue LED pulser electronics will reside at a point approximately 1.7 meters from the beam.  According to the radiation map found on the ECAL web site and shown below,

At 1.7 meters from the beam, we will experience around 500 Gys
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To deliver 500 Gy equivalent for a chip, we will then need to run at PSI irradiation facility for  

500/0.074 ~  6800s ~ 110 minutes

Taking into account, the extent of the card and that there are several chips to irradiate, we may require 5 times this much time or approximately 10 hours.  There are additional factors to consider such as the relative damage of protons/neutrons/pions (~ 2/1/0.5) which will shorten the time of exposure, given that the figure above indicates that the majority of the flux at the large radii is composed of neutrons which are less damaging than protons. 

In addition, we have used a dE/dx of 20 MeV gm-1 cm2.  Table 1 below gives the (very approximate) dE/dx’s from the PDG (see Fig. 2 below) that can be obtained at various beam energies.
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Table 1

	Kinetic Energy
	Momentum
	dE/dx
	Running time/chip

	10 MeV
	137 MeV/c
	???>>20
	????

	20 MeV
	194 MeV/c
	~20-30
	110 minutes ~2 hr

	250 MeV
	729 MeV/c
	~3.5
	630 minutes ~10 hr


The low energy facility seems logical for our test.

