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Lecture 6: Load Line Analysis

1. Diode Applications

e Load-Line Analysis.

e Series Diode Configuration.

e Series-Parallel Configuration.

e Half-Wave Rectification.

e Full-Wave Rectification.

e Clippers.

e Clampers.

e Networks with a dc and ac Source.
e Zener Diodes.

e Voltage-Multiplier Circuits.

2. Unit Two Objectives

e Understand the concept of Load-Line analysis and how it is applied to diode networks.

e Become familiar with the use of equivalent circuits to analyze series and series-parallel
diode networks.

e Understand the process of rectification to establish a dc level from a sinusoidal ac input.

e Be able to predict the output response of clipper and clamper diode configuration.

e Became familiar with the analysis, and the range of applications for Zener diode.
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3. Analysis of a Diode Circuit

e Finding the current and voltage levels that will satisfy both the characteristics of the diode

and the chosen network parameters.
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4. Drawing the Load Line

« The straight line intersect with the diode 1o,

L. . . + gl -
characteristic curve is called a load line +l Yo .
because the intersection on the vertical E—(

axis is defined by the applied load R. The I

. . . (a)
analysis called Load-Line analysis. ’

« The intersection of the two curves will By Q-point
define the solution for the network and _—— Loud line (network)

define the current and voltage levels for

the network.

W E A

* Let's see how we draw the load line of the forward biased diode on its characteristic curve.
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5. Load Line Analysis

« The diode in the circuit is in the forward- i}
bias state. —_’;_—v:'_f_
+| (’ +
E— R g Ve
* A\Voltage across the diode is 0.7 V. -
= (a)
« The intersection of the load line on the Diode Circuit
characteristics can be determined by A Ip(mA)
applying Kirchhoff's voltage law (KVL):
—E+Vy+Vz=0
E=V,+I,R
The two variables of Vj and I, are the
same as the diode axis variables of
characteristics curve.
0 ;V,,(V)

* The intersections of the Load line on the

. . Diode characteristics
characteristics can be determined from the

Ip

equation E =V, + IpR

If we set I/, = 0V and solve for I, __ Characterstics (device)

|ty

Q-point

N =
D R Vp=0V __— Load line (network)

If we set I, = 0 A and solve for V},

Vo = E|,=0a

Change the level of the load (R), the intersection on the vertical axis will
change. The result will be a change in the slope of the Load line and a different

point of intersection between the load line and the device characteristics.
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6. Operation Point (Q Point)

The point of intersection between the Load line and the characteristic curve is the point of operation

of the diode and is called the quiescent point (Q-point), which is Vb and Ip,.

Ip, by drawing a horizontal line In o,

from the point of intersection \ v
to the Y-aXiS‘ E P Characteristics (device) + ( +

R E=
Q-point
lnu
-

VDQ bv draWing a Vertical Iine _— Load line (network)

from the point of intersection \
to the X-axis.

e

K 0 )

Example 2.1

For the series diode configuration of Figure (a), N
employing the diode characteristics of Figure (b) s

. . + +
determine: E=10V R§0‘5 K0 v,

a. Vp, and Ip,

0 05 08 Vp (V)

b. Vg I o

= ()

Solution:

a. VD(2 and IDQ We need to draw the load line

E 10V
== — 20mA S VN

Rly,—ov 05kQ
Vp = Elj,—oa = 10V %\
20

The intersection between the load line and Ip,=185mAng
the characteristic curve defines the (-point as

- Load line

Vp, = 0.8V
18.5 mA

I

IDQ

b. Ve =E — Vp =10V — 078V = 922V

Note: The load line is determined by the applied network, whereas the characteristics are defined

by the chosen device.
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7. Working with equivalent network (Diode models)

We will replace the diode with dc resistance. In
—
IR < B —
Rpc =Vp/Ip + Vp -
Using the Q-point values (0.78 V, 18.5 mA), the Vb, = 078V * 1 ( +
dc resistance for Example. 2.1 is: Ip, = 18.5mA "_T R;‘f
R — Vb, 0.78V 4216 0
P Ip, 185mA” T = +V, -
Rp
: AN
The current and voltage are [_, YV m
L E 10V o] .
PTRy+R 4216 02+5000 =10V Rgsoonm
= LA 18.5mA _
" sa2.160 0™

_ RE _ (5002)(10V)
R™R,+R 42.16 2+ 5000

Once a dc Q-point has been determined the diode can be replaced by its dc resistance equivalent.

=9.22V

Example 2.2:

Repeat example 2.1 using the approximate

equivalent model for the Si diode.

I (maA)

Solution: The Load line is redrawn as shown, e
Ip =18.5 mA ==
with the same intersections as defined in ‘ L
14—
Example 2.1. The resulting in Q-point is: 2
8
Vb =07V o

& S

0 U.S\

IDQ = 18.5mA ¥, 207V

The dc resistance of the Q-point is:

Vo, 0.7V

= =37.840
I, 185mA

RD:

Which is still relatively close to that obtained for the full characteristics.
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Example 2.3

Repeat example 2.1 using the ideal diode

model.

J',;“: 20mA 20

Solution: The Load line is the same as in

Example 2.1, but the ideal characteristics now

intersect the Lord line on the vertical axis.

The Q-point is therefore defined by:

Voo =0V &Iy, =20mA

The results are sufficient different from the

solution of example 2.1.

Rp

_VDQ_ OV _
CIp, 20mA

0Q
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Note: Use of the ideal diode model should be reserved for those situations where the applied

voltages are considerably larger than the threshold voltage V;, .

8. Problems to Solve by Yourself

In your textbook solve problems under

sections 2.2 Load-Line Analysis
1,2,3and 4
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