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&  Asilicon diode conducts a negligible current until the for-
ward voltage is at least 0.5 V. Then the current increases
rapidly, with the voltage drop increasing by 60 mV to
120 mV (depending on the value of n) for every decade
of current change.

# In the reverse direction, a silicon diode conducts a cur-
rent on the order of 10™ A. This current is much greater
than Z; and increases with the magnitude of reverse
voltage.

& Beyond a certain value of reverse voltage (that depends
on the diode) breakdown occurs, and current increases
rapidly with a small corresponding increase in voltage.

# Diodes designed to operate in the breakdown region are
called zener diodes. They are employed in the design of
voltage regulators whose function is to provide a constant
de voltage that varies little with variations in power supply
voltage and/or load current.

B A hierarchy of diode models exists, with the selection of
an appropriate model dictated by the application.

& In many applications, a conducting diode is modeled as
having a constant voltage drop, usually approximately
0.7V. .

& A diode biased to operate at a dc current I, has a small-
signal resistance r, = nVy/I.

%  The silicon junction diode is basically a pn junction. Such
a junction is formed in a single silicon crystal.

& In p-type silicon there is an overabundance of holeg (pos-
itively charged carriers), while in n-type silicon electrong
are abundant.

& A carrier-depletion region develops at the interface inapy
Jjunction, with the 7 side positively charged and the P side
negatively charged. The voltage difference resultin g is
called the barrier voltage,

% A diffusion current 7, b flows in the forward direction (car-
ried by holes from the p side and electrons from the
n side), and a current I flows in the reverse direction (car-
ried by thermally generated minority carriers). In an open-
circuited junction, 7, = Iy and the barrier voltage is denoteq
Vo Vo is also called the Jjunction built-in voltage.

B  Applying a reverse-bias voltage |V] to a pn junction causes
the depletion region to widen, and the barrier voltage in-
creases to (Vy +|V]). The diffusion current decreases and
a net reverse current of (/g — I,,) flows.

& Applying a forward-bias voltage |V to apn junction causes
the depletion region to become narrower, and the barrier
voltage decreases to (Vo= 1V]). The diffusion current in-
creases, and a net forward current of Up— L) flows.

#  For a summary of the diode models in the forward region,
refer to Table 3.1.

#  For a summary of the relationships that govern the phys-
ical operation of the pn junction, refer to Table 3.2,

PROBLEMS

SECTION 3.1: THE IDEAL DIGDE

3.7 An AA flashlight cell, whose Thévenin equivalent is
a voltage source of 1.5 V and a resistance of 1 Q, is
connected to the terminals of an jdeal diode. Describe
two possible situations that result. What are the diode
current and terminal voltage when (a) the connection
is between the diode cathode and the positive terminal of
the battery and (b) the anode and the positive terminal are
connected?

3.2 For the circuits shown in Fig. P3.2 using ideal diodes,
find the values of the voltages and currents indicated.

3.3 For the circuits shown in Fig. P3.3 u;iﬁg ideal diodes,
find the values of the labeled voltages and currents.

3.4 In each of the ideal-diode circuits shown in Fig. P34,
v is a [-kHz, 10-V peak sine wave. Sketch the waveform
resulting at v,. What are its positive and negative peak
values?

3.5 The circuit shown in Fig. P3.5 is a model for a battery
charger. Here v, is a 10-V peak sine wave, D; and D, are ideal
diodes, /s a 100-mA current source, and B is a 4.5-V battery.
Sketch and label the waveform of the battery current 7. What
is its peak value? What is its average value? If the peak value
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