
Problem set 4

1. A Si sample with 1019/cm3 donors is optically excited such that 1019/cm3 electron hole pairs are
generated per second uniformly in the sample. The laser causes the sample to heat up to 450K. Find the
quasi-Fermi levels and the change in conductivity of the sample upon shining the light. Electron and hole
lifetimes are both 10 x 10-6 s. Dp = 12 cm2/s ; Dn = 36 cm2/s; ni = 1010 cm-3 at 450 K. What is the change in
conductivity upon shining light?

2. A Si sample with 1018/cm3 donors is uniformly optically excited at room temperature such that
1019/cm3 electron hole pairs are generated per second. Find the separation of the quasi-Fermi levels and
the change of conductivity upon shining the light. Electron and hole lifetimes are both 10 x 10-6 s. Dp = 12
cm2/s

3. An n-type Si sample with Nd = 1019 cm-3 is steadily illuminated such that gop = 1021 EHP/cm3-s. If n = p

= 1µs for this excitation, calculate the separation in the quasi-Fermi levels, (Fn – Fp). Draw a band
diagram such as Fig 4-11.

4. For a 2 cm long doped silicon bar (Nd = 1016 cm-3) with a cross sectional area = 0.05 cm2, what is the
current if we apply 10 V across it? If we generate 1020 electron hole pairs per second per cm3 uniformly
in the bar and the lifetime n = p = 10-4 s , what is the new current ? Assume the low level αr does not
change for high level injection. If the voltage is then increased to 100000 V, what is the new current?
Assume µp = 500 cm2/V-s , but you must choose the appropriate value for electrons.

5. A 15µW laser beam with wavelength of 6328 x 10-8 cm is focused into a GaAs sample 100 µm thick.
The absorption coefficient at this wavelength is 3 x 108 cm-1. Find the number of photons emitted per
second by radiative recombination in the GaAs assuming perfect quantum efficiency. What power is
delivered to the sample as heat ?

6. Using eqn 5-17 and 5-23 show that the peak electric field in the transition region is controlled by the
doping on the more lightly doped side of the junction


