Figure 3-10 (a) Diode curve for third approximation; (b) equivalent circuit for third
approximation.
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3-4 The Third Approximation

In the third approximation of a diode, we include the bulk resistance Rp. Fig-
ure 3-10a shows the effect that Rz has on the diode curve. After the silicon diode
turns on, the voltage increases linearly with an increase in current. The greater the
current, the larger the diode voltage because of the voltage drop across the bulk
resistance.

The equivalent circuit for the third approximation is a switch in series
with a barrier potential of 0.7 V and a resistance of Ry (see Fig. 3-10b). When the
diode voltage is larger than 0.7 V, the diode conducts. During conduction, the total
voltage across the diode is:

Vp =07V + IpRy (3-5)

Often, the bulk resistance is less than 1 ), and we can safely ignore it in our
calculations. A useful guideline for ignoring bulk resistance is this definition:

Ignore bulk: Rz < 0.01R 7y (3-6)

This says to ignore the bulk resistance when it is less than 1/100 of the Thevenin
resistance facing the diode. When this condition is satisfied, the error is less than
I percent. The third approximation is rarely used by technicians because circuit
designers usually satisty Eq. (3-6).

Example 3-7

The IN4001 of Fig. 3-11a has a bulk resistance of 0.23 ). What is the load voltage, load current, and diode power?
SOLUTION  Replacing the diode by its third approximation, we get Fig. 3-11b. The bulk resistance is small enough to ig-
nore because it is less than 1/100 of the load resistance. In this case, we can use the second approximation to solve the prob-

lem. We already did this in Example 3-6, where we found a load voltage, load current, and diode power 0f9.3V,93 mA,
and 6.51 mW.

68 Chapter 3




