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Lecture 4: Ildeal VS Practical Diodes and resistance levels

1. Ideal Diode
— PN junction will permit a generous flow of charge when forward-biased and a very small level
of current when reverse-biased.

— The semiconductor diode behaves in a manner like a mechanical switch.

A
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Ideal Semiconductor Diode
2. Ideal Versus actual Diode Characteristic
Ip At any current
level on the
e Short-circuit vertical line, the
Ideal characteristics )
S equivalent voltage across
10 mA the ideal diode is
Ot 0—————O
— 0V and the
1 Ip resistance is 0.
Because the current is 0
mA anywhere on the _ V,
horizontal  line, the Sk ! I Rp = I_D =0Q
resistance is considered - - . 1% D
to be infinite ohms (an \ 0.7V D
open-circuit) at  any
point on the axis. . o .
Ro= % _ % & G I =0mA Actual characteristics

3. Diode Resistance levels

— As the operating point of a diode moves from one region to another, the resistance of the
diode will change due to the nonlinear shape of the characteristic curve.
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4. DC or static resistance

- ; ’ 4 Ip (mA)
— The application of a dc voltage to a diode will

result in an operating point on the characteristic ot

curve that will not change with time. ]
> D Low Ry,

AAA

— The dc resistance of the diode:

7))

Rni=
D ID

— Jo Highr, Vp (V)
— Typically, the dc resistance of a diode in the Very High Rp

active will range from about 100 to 80Q. In general, the higher the current through a diode,

the lower is the dc resistance level.

Example 1.3: Determine the dc resistance levels for the diode of figure below at:
— ID =2 mA (low level)
— ID =20 mA (high level)
— VD =-10V (reverse-biased)
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Solution:
a. Atl, = 2mA, from the curve, V, = 0.5V

_Vp_05v_ o
D=y, T 2mAa”
b. Atl, = 20 mA, from the curve, V, = 0.8V
g _Vo_o08V_
b=y, " 20mA”

c. AtV, = =10V, from the curve, [, = —Is = —1uA
_Vp 10V

—=10MQ

R, = — =
b=y, T1p4

5. AC or Dynamic Resistance
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— Ifasinusoidal voltage is applied, the varying
input will move, and the instantaneous

operating point will change as well.

— The dynamic resistance r, Is given by:

Ay

' OAL

— In general, the lower the Q-point of
operation (smaller current or lower voltage),

the higher is the ac resistance.

Diode characteristic
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Defining the dynamic or ac resistance.

ra— AV,
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Example 1.4: For the characteristics of Figure:

a. Determine the ac resistance at [, = 2 mA.

b. Determine the ac resistance at I, = 25 mA.

c. Compare the results of parts (a) and (b) to the dc resistances at each

current level.
Solution:
a.Forlp=2mA
Alj =4mA—-0mA =4 mA
AVy =076 V—-065V=011V

_AVg _ 011V

The ac resistanceis 15 = -5 =S~
d

=27.50

b. For I, = 25mA
Al =30mA — 20 mA = 10 mA
AVy =08V —-0.78V=0.02V

. . _Avg _ 002V _
The ac resistance is 1y = Ay = Tomd =

20

C. Forlp =2mA,V, = 0.7V the dc resistance is:
Vy 07V

D=, = gma = 3500

Which far exceeds the r; of 27.5 2

For Iy = 25mA,V,; = 0.79 V the dc resistance is:

Ry=2 27V _ 1600
b, T 25mA '

Which far exceeds the rg of 2

The dynamic resistance (mathematically)

By taking the derivative of equation

ID = Is(eVD/nVT — 1)

dVD _ _ nVT
dl, 4T,

Substitutingn = 1 and Vy = 26 mlV

26 mV
=,

30

25

10

2

I1p(mA)

}Al[,
|

01 02 03 04 05 06 07 08 09

Q-point

AV,

This equation is accurate only for values of I In the vertical-rise section of the curve.

6. Average AC Resistance

1

Vo (V)




In(mA)

« If the input signal is sufficiently large to produce a broad swing, the 20—
resistance associated with the device for this region is called the average ac

resistance.

« The average ac resistance is the resistance determined by a straight line

drawn between the two intersections established by the maximum and 2%+ 101~

minimum values of input voltage.

_ AV,
Ald pt. to pt. )

Fay

[ T | LY Y | 1
4 5 Q F
0] 01 02 03 04 05 06 \23 08 09 1y, (v

AVy

Al; =17 mA — 2 mA = 15mA

AVy4=0.725V—-0.65V=0.075V

AVg  0.075V
Tav = Alg ~ 15mA 5Q

T = 5 Q defines a value that is considered the average of the ac values from
2mAto 17 mA.

7. Summary Table

Table 1.6 was developed to reinforce the important conclusions of the last few pages and to

emphasize the differences among the various resistance levels.



TABLE 1.6
Resistance Levels

Special Graphical
Type Equation\ Characteristics Determination
. Vb . .
DC or static Rp = — Defined as a point on the I
Ip . D
characteristics Op.
Vp
)
. AV, 26 mV _ :
AC or dynamic 4= AT T Defined by a tangent line Ip
d b at the Q-point Op. | (Al
)
%(_J
AV,
f~
AV, . .
Average ac Fay = AL Defined by a straight %Ald
ot 19 51 line between limits of
operation
AV,

7. Problem to solve by yourself

In your textbook Solve Problems under sections
1.7and 1.8
24 to 35 Pages 52 and 53



