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Appendix:

The EGG Ortec Silicon Charged Particle Detector

Silicon is a semiconductor with a gap of 1.1 electron volts between the top of the field band and the bottom of the (nearly empty conduction band).  At any temperature above absolute zero, some electrons will have enough thermal energy to reach the conduction band; for the detector you use, with 30 volts potential difference across the silicon wafer, this gives rise to a “dark current” of about 3x10-7 amperes or 1x1012 electrons/second.  (Incidentally, since the silicon wafer is about 150m thick, the electric field is 30v/1.5x10-4 m = 200,000 volts/meter.)

When there is no voltage across the silicon wafer, the Fermi energies (see Eisenberg and Resnick, Chapter 13, pp 507 et seq.) of the electrons in the gold, aluminum, and silicon are equal; electrons move between these layers to change the potential of these layers until this equality is reached.  The particular silicon wafer we use has donor impurities (see E and R, p. 507), so the Fermi energy in the silicon lies 0.16 electron volts below the bottom of the conduction band.  The are, accordingly, thermally ejected electrons in the conduction band.  Once the 30 v power supply is turned on, these electrons are swept away, giving rise to the “dark current.”

When an  particle enters the silicon, it collides with electrons in the silcon lattice, giving many of them energy to reach the conduction band.  The average energy loss by the -particle to create an electron-hold pair is measured to be 3.6 ev.  Thus a 5 Mev -particle, completely stopped in the silicon, gives rise to 5x106/3.6 = 1.4x106 electron-hold pairs, or 2.2x10-13 coulombs.  The capacitance of the detector is 70 picofarads (7x1 0-11 f), so collecting this charge causes a voltage change V = 2x10-13 coulomb/7x10-11 f = 3 millivolts.  The detector voltage is supplied through a 20 megohm resistor, so the recovery time is RC = 7x10-4 f.207 Ω = 1.4x10-3 sec.

Here is a circuit diagram of the detector, its power supply, and the first (preamplifier) stage of amplification:

Here RL is the “equivalent resistance” of the silicon wafer; since the “dark current” is about 3x10-7 amperes for a potential of 30 volts, RL = 100 MΩ.  The Model 109A preamplifier set at 10 x gain gives a pulse of 150 mV/MeV for a Si detector.  This preamp also reduces the pulse width to approximately 50 s.  The amplifier following the preamp further reduces the pulse width as well as increases the peak voltage.
