GOOD TO KNOWw.;,: u
When you troublesho:f: ctrcﬁit! R i

that contains a silicon diode thatlls “

supposed to be forward biased, a

diode voltage measurement much’
“greater than 0.7 V means that the
" diode has failed and is in fact open.

JA« '

Now that we have a series circuil, we can see that the diode is forward

- biased, Visualize the diode as a closed switch. Then, the remaining calculations

are:
12V

=St =4mA
L

and ]
V. = (4 mA)(l kQ) =

You don’t have to use Thevenin’s theorem. You can analyze Fig. 3-6b
by visualizing the diode as a closed switch: Then, you have 3 k( in parallel with
1 ki1, equivalent to 750 (1. Using Ohm’s law, you can calculate a voltage drap
of 32 V across the,6 k(}, The rest of the analysis produces the same load voltage

. and load current.

'PRACTICE PROBLEM 3-4 Using Fig. 3-6b, change the 36 V source to

18 V and solve for the load voltage and load current using an ideal diode,

3-3 The Second Approximation

The ldeal approx:manon is all right in most troubleshooting situations. But we are

" not always troubleshooting, Sometimes, we want a more accurate value for load

current and foad voltage. This is where the second approximation comes in.

Figure 3-Ta shows the graph of current versus voltage for the second |
approximation. The graph says that no current-exists until 0.7 V appears across the
diode. At this point, the diode wms on. Thcrcafter only 0.7 V can appear across
the diode, no matter what the current.

Figure 3,7b shows the equivalent circuit for the second approximation of
a silicon diode. We think of the diode as a switch in series with a barrier potential of
0.7 V. If the Thevenin voltage facing the diode is greater than 0.7 V, the switch will
close, When conducting, then the diode voltage is 0.7 V for any forward current.

On the other hand, if the Thevenin voltage is less than 0.7 V, the switch

will open. In this case, there is no current through the diode.

Figure 3-7 (g Diode curve for second approximation; (b) equivalent circuit for second
approximation. .
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Example 3-5

Use the second approximation to calculate the load vﬂltage.‘ load current, and
diode power in Fig, 3-8.

Figure 3-8
2D APPROXIMATION

SOLUTION  Since the diode is forward biased, it is equivalent to a battery of
0.7 V. This means that the load voltage equals the source voltage minus the
diode drop:

V=10V ~07V= 93V
With Ohm’s }aw, the load current ts:
93V ‘
I, = =93mA
= Ta Y
The diode power is

Pp ={07V)9.3mA) = - 6.51 mW

PRACTICE PROBLEM 3-5§ Using Fig. 3-8, change the source voltage to
5 V and calculate the new load voltage, current, and dxodc power. .

Example 3-6

- Calculaté the load voltage, load current, and diode pbwer in Fig. 3-9a using the
second approximation.

Figure 3«9 (q} Original-circuit: {b) simplified with Thevenin's theorem,

6k0 2D APPROXIMATION 2% 20 APPROXIMATION

+
v _i-
tal ‘ (b} 3

SOLUTION  Again, we will Thevenize the circnit to the left of the diode.
As before, the Thevenin voltage is 12 V and the Thcvenm res:stance is 2k, it
- - Figure 3-9% shows the simplified circuit. P
' Since the diode voltage is 0 7 V, the load current is: :
12V-07V
=520 377 mA
T e
The Ioad voltage is:
V= 377 mAY1 k(1) =3.77V
and the diode power is: )
FD = (0.7 V)(3.77 mA) = 2,64 mW

PRACTICE PROBLEM 3- 6 Repeat Example 3-6 usmg 18 V as the voltage ' J
source value, E
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Figure 3-10 {d] 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 Rj. Fig-
ure 3-10a'shows the effect that R has.on the diode clirve: After the silicon diode
turns on, the Voltage increases linearly with an increase incurrent, The greater the
current, the larger. the diode voltage because of the vollage drop across the bulk
Tesistance. -

‘ The equivalent cireiit for the third approximation is a switch in serles
with a barrier potential of (.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 conductmn. the total.

.- vo]tagc across the diode is:

Vo=07V+IRy (3-5)

~ Often, the bulk resistance js less than 1 {2, and we can safely ignore it in our
~calculations. A usefisl guideline for ignoring bulk resistance is this definition: i

Ignore bulk: By < 0.01R7y . (3-6)

This says to ignore the bulk Tesistance when it is less than 1/100 of the Thevenin

resistance facing the diode. When this condition is satisfied, the error is less than

Fpercent. The third approximation is rarely used by techmmans because circuit
_ designers usually sansfy Eq. (3-6). B

Example 3-7"

The IN40O1 of Flg 3-lla has a bulk rcs:stance of 0.23 Q. What is the load voltage, load current, and diode power‘7

SOLUTION Replacing the diode by its third approximation, we gct Fig. 3-1 15. The bulk rcsisr.ance is small enough to ig-
nore because it is less than £/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, whére we found a load voltage, load current, and diode power of 9.3 ¥, 9.3 mA;
and 6.51 mW. ‘ '
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