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1. A siliconpn-junction has a resistivity of 0Q@cm and 2Qcm for the uniformly-doped
p andn sections, respectively. J§;=1500cm?/V-s, p,=450cn?/V-s, andn=1.45x10"
cm’® at room temperature:

(a) Calculate the built-in voltage of the junction.

(b) Calculate the diode saturation current at room temperdtgrl5 ps, 1,=50
us, A=0.05cn).

(c) Calculate and plot the temperature dependence of thasatucurrent, ne-
glecting for simplicity the temperature dependence of lipl{iE;=1.12 eV
for 9).

2. Consider gn-junction diode. The concentration of holes in thgection of the de-
vice is described by the continuity equation
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The concentration of shallow ionized donors in thgection is equal to 1Dcm?.
The intrinsic carrier concentration is’?@m*. The forward voltage applied to the di-
ode is 0.5V. Assuming that the length of timesection,L, is much smaller than the
diffusion lengthL,, calculate and sketch the hole distribution in tkeection of the
device. Also, assuming thB,=12 cm/s and the lifetimer,=1 ps, how short does the
n-section have to be to satisfy the condition thetL, (useL=L, /10 as a criterion)?
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3. Find the total charge of electrons injected into the paregf an’p silicon diode as a
function of the bias voltag€. Doping density of the-region iSNa, intrinsic carrier
concentration i), and the diode temperatureTis The length of thg@-region isL,
and the diffusion length of electrons in fireegion isL,. Consider three cases:

(a) Arbitrary relation betweeh andL.
(b) L>> L.
(c) L<< L.

Assume that at the contactsny, Whereny is the equilibrium concentration of elec-
trons.

4. The forwardlV-characteristics of pn-diode are shown in the figure below.



(a) Explain the origins for the deviation of the measuMaharacteristics from the
ideal model predictions.

(b) Calculate the series resistance of the diode. Explawv you arrived at your an-
swer.
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5. Consider @'-n-n" diode shown in the figure below. The doping of the thiiferent
regions, clearly illustrated on the figure, Ng=Np,=10°7° cm® and Np;=10'° cm?®.
The breakdown voltage for this diode is defined as being ¢gubé applied bias for
which the maximum electric field reaches the critigaltfEq=2.5x10° V/cm.

(a) Calculate the breakdown voltage for the diode wibe?0 um. Sketch the elec-
tric field profile for this case.

(b) How will the magnitude of the breakdown voltage chande if reduced to 0.5

pm. Explain qualitatively your reasoning. No actual caltiah is needed for
this case.

The intrinsic carrier concentration i$ =15x 10°cm™ and the semiconductor per-
mittivity equals tok.g, =105x 10*° F/m.
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