Diode Theory

forward current when the diode burns out becanse of excessive power dissipation.
On other data sheets, the average current may be designated as 1.

Againya designer looks upon 1 A as the absolute maximum rating of the -
IN4001, a level of forward current that should not even be approached. This is
why a safety factor would be included—possibly a factor of 2. In other words, a
reliable design would ensure that the forward current is less than 0.5 A under all

* operating conditions. Fditure studies of devices show that the lifetime of a device

decreases the closer you get to the maximum rating. This is why some designers
use a salety factor of as much as 10:1. A'really conservative design would keep
the maximum forward current of the IN4001 at 0.1 A orless.

Forward Voltage Drop

Under “Electrical Characieristics” in Fig. 3-16, the first entry shown gives you
these data:

- Maximum
Characteristic and Conditions Symbol - Value
Forward Voltage Drop™ ‘

Ll =10A Ty=25C < Ve IARY

As shown in Fig. 3-16 on the chart titied “Forward Charaétcristics,” the typical

* 1N4001 has a forward voltage drop of 0.93 V when the current is 1 A and the junc-

tion'temperature is 25°C. If you test thousands of IN4001s, you will find that a
few wilt have as much as 1.1 V across thein when the current is 1 A.

Maximum Reverse Current

Another entry on the data shest that is worth discussing is this one:

: _ : Typical Maximium
Characteristic and Conditions Symbol Value © Value
Reverse Current | . I

Ty = 25°C ' 008 ph 10 pA

;;—A = |

100°C ’ ; 1.0 A 50 wA

This is the reverse current at the maximum reverse dc rated voltage (50.V for a
1N4001). At 25°C, the typical IN4001 has a maximum reverse current of 5.0 A,
But notice how itincreases to 500 wA at 100°C. Remember that this reverse curment
includes thermally produced saturation current and surface-leakage current. You
can see from these numbers thattemperature is important. A design that requires a
reverse current of less than 5.0 pA will work fine at 25°C with a typical IN4001,
but will fail in mass production if the junction temperature reaches 100°C. '

3-8 HOW to Calculate Bulk Resistance

When you are trying to anatyze a diode circuit acciiritely, you will need to know

- the bulk resistance of the diode. Manufacturers’ data sheets do not usually list the
. bulk resistance separately, but they do give énough information to allow you to
calculate it. Here is-the derivation for bulk resistance:

V,—-¥ . ’ '
Rp = —F . L 3-7
3= ‘ . G3-7
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where V; and I are the voltage and current at some point-at or above the knee
voltage; V» and I are the voltage and current at some higher point on the diode

curve.
For instance, the data sheet of a IN4001 gives a forward voltage 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 a current 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 -

P n-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 Rp.

Forward Resistance -

Because the diode is'anonlinear 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 de résistance. 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 voitage 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:

75V
Rp=——=13MQ
k™5 LA
Notice how the dc remstance decroases as we approach the breakdown voltage
(T5V). o
Chapter 3
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