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where ¥, and I are the voltage and current at some point at or above the knee
voltage; ¥a and I, are the voltage and current at some highet point on the diode

curve.
For instance, the data sheet of a IN4001 gives a forward wvoltage of
0.93 V¥ for a current of 1 A. Since this is a silicon diode, it has a keee voltage of
approximately 0.7 V and acurrent of approximately zero. Therefore, the values to
useare V; = 093V, L =1 AV, = 0.7V, and I, = (. Substituting these values
,  intoequation, we get a bulk resistance of: :
: zV;—Vl_0.93V-—0.7V___0.BV=0.23Q

K -

2 L-1 tA—0A 1A

Incidentally, the diode curve is a graph of current versus voitage. The

bulk resistance equals the inverse of the slope above the knee. The greater the slope

of the diode curve, the smaller the bulk resistance. In other words, the more verti-
cal the diode curve is above the kiee, the lower the bulk resistance.

3 9 DC Resistance of a Daode

If you take the ratio of total diode voltage to total chode current, you get the de
resistance of the diode. In the forward direction, this dc resistance is symbolized

by Rp; in the reverse direction, it is designated R,

Forward Resistance -

Because the diode is a nonlinear device, its de resistance varies with the current
through it. For example, here are some pairs of forward current and voltage for a
IN914: 10 mA at 0.65 V, 30 mA at 0.75 V, and 50 mAat (.85 V. At the first point,

the dc resistance is;

065V
£= Toma - 88
At the second point:
075V '
Ry = OmA 250
And at the third point:
. 085mV !
Rp=———— =170
£ 50mA

" Notice how the dc resistance- decreases as the current increases. In any case, the
forward resistance.is low compared to the revérse resistance.

Reverse Resistance
Similarly, here are twa sets of reverse current and voltage for a IN914: 25 nA at

20 V; 5 pAat 75 V. At the first point, the de resistance is:

W0V - -
Rp= o = 800MQ

At the second point:

5V
Rp=——-=13MQ
k™5 LA
Notice how the dc remstance decroases as we approach the breakdown voltage
(T5V). o
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Figure 3-17
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DC Resistance versus Bulk Resustance

The dc resistance of a diode is different from the bulk resistance. The dc resistance
of a diode equals the bulk resistance plus the effect of the bartier potential. In
other words, the de resistance of a diode is its total resistance, whereas the bulk
resistance is the resistance of only the p and » regions. For this reason, the dc -
~-gesistance of a diode is always greater than bulk resistance. '

3-10 Load Lines
This section is about the load line, a tool uscd to ﬁnd the exact value oﬁdiade cur-

W11} be | gwen Iater in ns:stor dlscussmns

Equation for the Load Line

How  can we ﬁnd‘ the exact dmde current and voltagc in Fig. 3-17a? The current

(3-8)

Because of the series circuit, thlS current is the same through the d1ode

.An Example

it the source voltage is 2.V and the resistance is 100 £} as shown in Flg 3-17b,

then Eq. (3- 8)"!?5901335

Z;VD
" 100

uation (3;9) is a linear relationship between current and voltage. I If we

Ip= (-9

plot this equatzon we will get a stralght fine; For instance, let VD equal ze&z,’[hen
ot it

2V -0V
Ip==———=20mA
T 100 o
" Plotting this point (Ip == 20 mA, Vp = 0) gives the point on the vertical axis of
Fig, 3-18, This point is called safuration because it represents maximum cujrent
w1th 2V acfoss 1004,
Here's how to get another point. Let Vp equal 2 V. Then Eq. (3-9) gives:

2V -2V
1(}00

When we plot th1s point {Ip = 0, Vp = 2V), we getthe point shown on the hori-
zontal axis (Fig. 3-18). This point is called cutoff because it represents minimum
current.

By selecting other voltages, we can calculate and plot additional points.
Because Eq.(3-9) is linear, all points will lie on the- straight line shown in
Fig. 3-18. The straight line is called the lvad line.

The Q Pmnt

Figure 3- 18 shows the load line and a diode curve. The point of intersection;
known as the Q point, represents a simuitaneous solution between the dlog;e__g'urve
and the load line. Ii other words, the Q point is the or only point on the graph that
works for both the diode and the circuit. ‘By reading the coordinates of the ( point,
we get a current of 12.5 mA and a diode voltage of 0.75 V.

Ip-ﬂ =0
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