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Ideal Versus Practical 
In last lecture we found that a p–n junction will permit a generous flow of charge when forward-
biased and a very small level of current when reverse-biased. Both conditions are reviewed in Fig. 1, 
with the heavy current vector in Fig.1a matching the direction of the arrow in the diode symbol and 
the significantly smaller vector in the opposite direction in Fig. 1b representing the reverse 
saturation current. 
An analogy often used to describe the behavior of a semiconductor diode is a mechanical switch. In 
Fig. 1a the diode is acting like a closed switch permitting a generous flow of charge in the direction 
indicated. In Fig. 1b the level of current is so small in most cases that it can be approximated as 0 A 
and represented by an open switch. 

 
Figure 1 Ideal semiconductor diode: (a) forward-biased; (b) reverse-biased. 

The semiconductor diode behaves in a manner similar to a mechanical switch in that it can control 
whether current will flow between its two terminals. 
However, it is important to also be aware that: 
The semiconductor diode is different from a mechanical switch in the sense that when the switch is 
closed it will only permit current to flow in one direction. 
Ideally, if the semiconductor diode is to behave like a closed switch in the forward-bias region, the 
resistance of the diode should be 0Ω. In the reverse-bias region its resistance should be ∞Ω to 
represent the open-circuit equivalent. Such levels of resistance in the forward and reverse-bias 
regions result in the characteristics of Fig. 2. 

 
Figure 2 Ideal versus actual semiconductor characteristics. 

The characteristics have been superimposed to compare the ideal Si diode to a real-world Si diode. 
First impressions might suggest that the commercial unit is a poor impression of the ideal switch. 
However, when one considers that the only major difference is that the commercial diode rises at a 
level of 0.7 V rather than 0 V, there are several similarities between the two plots. 
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When a switch is closed the resistance between the contacts is assumed to be 0. At the plot point 
chosen on the vertical axis the diode current is 5 mA and the voltage across the diode is 0 V. 
Substituting into Ohm’s law results in 

𝑅𝐹 =
𝑉𝐷

𝐼𝐷
=

0𝑉

5𝑚𝐴
= 0Ω       (𝑆ℎ𝑜𝑟𝑡 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡) 

In Fact: 
At any current level on the vertical line, the voltage across the ideal diode is 0 V and the resistance 
is 0Ω. 
For the horizontal section, if we again apply Ohm’s law, we find 

𝑅𝑅 =
𝑉𝐷

𝐼𝐷
=

20𝑉

0𝑚𝐴
≅ ∞Ω    (𝑂𝑝𝑒𝑛 𝑐𝑖𝑟𝑐𝑢𝑖𝑡 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡) 

Again: 
Because the current is 0 mA anywhere on the horizontal line, the resistance is considered to be 
infinite ohms (an open-circuit) at any point on the axis. 
Due to the shape and the location of the curve for the commercial unit in the forward-bias region 
there will be a resistance associated with the diode that is greater than 0. However, if that resistance 
is small enough compared to other resistors of the network in series with the diode, it is often a 
good approximation to simply assume the resistance of the commercial unit is 0. In the reverse-bias 
region, if we assume the reverse saturation current is so small it can be approximated as 0 mA, we 
have the same open-circuit equivalence provided by the open switch. 
The result, therefore, is that there are sufficient similarities between the ideal switch and the 
semiconductor diode to make it an effective electronic device.  

Resistance Levels 
Resistance of the diode varies depending on the region of the IV curve as the curve is nonlinear. 

Three different resistance levels are described below. 

DC or Static Resistance 

The application of a dc voltage to a circuit containing a semiconductor diode will result in an 
operating point on the characteristic curve that will not change with time. The resistance of the 
diode at the operating point can be found simply by finding the corresponding levels of VD and ID as 
shown in Fig. 4 and applying the following equation: 

𝑅𝐷 =
𝑉𝐷

𝐼𝐷
               (2.1) 

The dc resistance levels at the knee and below will be greater than the resistance levels obtained for 
the vertical rise section of the characteristics. The resistance levels in the reverse-bias region will 
naturally be quite high. Since ohmmeters typically employ a relatively constant-current source, the 
resistance determined will be at a preset current level (typically, a few milliamperes). 

 
Figure 3 Determining the dc resistance of a diode at a particular operating point. 

In general, therefore, the higher the current through a diode, the lower is the dc resistance level. 

Typically, the dc resistance of a diode in the active (most utilized) will range from about 10Ω to 80Ω. 
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AC or Dynamic Resistance 

The dc resistance of a diode is independent of the shape of the characteristic in the region 
surrounding the point of interest. 
If a sinusoidal rather than a dc input is applied, the situation will change completely. The varying 
input will move the instantaneous operating point up and down a region of the characteristics and 
thus defines a specific change in current and voltage as shown in Fig. 4. With no applied varying 
signal, the point of operation would be the Q-point appearing on Fig. 4, determined by the applied 
dc levels. The designation Q-point is derived from the word quiescent, which means “still or 
unvarying.” 

 
Figure 4 Defining the dynamic or ac resistance. 

A straight line drawn tangent to the curve through the Q-point as shown in Fig. 4 will define a 
particular change in voltage and current that can be used to determine the ac or dynamic resistance 
for this region of the diode characteristics. An effort should be made to keep the change in voltage 
and current as small as possible and equidistant to either side of the Q-point. In equation form, 

𝑟𝑑 =
Δ𝑉𝑑

Δ𝐼𝑑
                          (2.2) 

where Δ signifies a finite change in the quantity. 
The steeper the slope, the lower is the value of ΔVd for the same change in ΔId and the lower is the 
resistance. The ac resistance in the vertical-rise region of the characteristic is therefore quite small, 
whereas the ac resistance is much higher at low current levels. 
In general, therefore, the lower the Q-point of operation (smaller current or lower voltage), the 

higher is the ac resistance. 

We have found the dynamic resistance graphically, but there is a basic definition in differential 
calculus that states: 
The derivative of a function at a point is equal to the slope of the tangent line drawn at that point. 

Equation (2.2), as defined by Fig. 4, is, therefore, essentially finding the derivative of the function at 
the Q-point of operation. If we find the derivative of the general equation for the semiconductor 
diode with respect to the applied forward bias and then invert the result, we will have an equation 
for the dynamic or ac resistance in that region. That is, taking the derivative of Eq. (1.2) with respect 
to the applied bias will result in 

𝑑

𝑑𝑉𝐷

(𝐼𝐷) =
𝑑

𝑑𝑉𝐷
[𝐼𝑆 (𝑒

𝑉𝐷
𝑛𝑉𝑇

−1
)] 

And 
𝑑𝐼𝐷

𝑑𝑉𝐷
=

1

𝑛𝑉𝑇

(𝐼𝐷 + 𝐼𝑆) 
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after we apply differential calculus. In general, ID ≫ W Is in the vertical-slope section of the 
characteristics and 

𝑑𝐼𝐷

𝑑𝑉𝐷
≅

𝐼𝐷

𝑛𝑉𝑇
 

Flipping the result to define a resistance ratio (R = V/I) gives 
𝑑𝑉𝐷

𝑑𝐼𝐷
= 𝑟𝑑 =

𝑛𝑉𝑇

𝐼𝐷
 

Substituting n = 1 and VT ≅ 26 mV from Example 1.1 results in 

𝑟𝑑 =
26𝑚𝑉

𝐼𝐷
                     (2.3) 

The significance of Eq. (2.3) must be clearly understood. It implies that 
the dynamic resistance can be found simply by substituting the quiescent value of the diode 
current into the equation. 
There is no need to have the characteristics available or to worry about sketching tangent lines as 
defined by Eq. (2.2). It is important to keep in mind, however, that Eq. (2.3) is accurate only for 
values of ID in the vertical-rise section of the curve. For lesser values of ID, n = 2 (silicon) and the 
value of rd obtained must be multiplied by a factor of 2. For small values of ID below the knee of the 
curve, Eq. (2.3) becomes inappropriate. 
All the resistance levels determined thus far have been defined by the p–n junction and do not 
include the resistance of the semiconductor material itself (called body resistance) and the 
resistance introduced by the connection between the semiconductor material and the external 
metallic conductor (called contact resistance). These additional resistance levels can be included in 
Eq. (2.3) by adding a resistance denoted rB: 

𝑟𝑑
′ =

26𝑚𝑉

𝐼𝐷
+ 𝑟𝐵   𝑜ℎ𝑚𝑠             (2.4) 

The resistance 𝑟𝑑
′ ,therefore, includes the dynamic resistance defined by equation 2.3 and the 

resistance rB just introduced. The factor rB can range from typically 0.1Ω for high-power devices to 
2Ω for some low-power, general-purpose diodes. For Example 1.4 the ac resistance at 25 mA was 
calculated to be 2 . Using Eq. (2.3), we have 

𝑟𝑑 =
26𝑚𝑉

𝐼𝐷
=

26𝑚𝑉

25𝑚𝐴
= 1.04Ω 

The difference of about 1Ω could be treated as the contribution of rB. 
For Example, 1.4 the ac resistance at 2mA was calculated to be 27.5Ω. Using Eq. (2.3) but multiplying 
by a factor of 2 for this region (in the knee of the curve n = 2), 

𝑟𝑑 = 2 (
26𝑚𝑉

𝐼𝐷
) = 2 (

26𝑚𝑉

2𝑚𝐴
) = 2(13Ω) = 𝟐𝟔𝛀 

The difference of 1.5Ω could be treated as the contribution due to rB. 
In reality, determining rd to a high degree of accuracy from a characteristic curve using Eq. (2.2) is a 
difficult process at best and the results have to be treated with skepticism. At low levels of diode 
current the factor rB is normally small enough compared to rd to permit ignoring its impact on the ac 
diode resistance. At high levels of current the level of rB may approach that of rd, but since there will 
frequently be other resistive elements of a much larger magnitude in series with the diode, we will 
assume in this book that the ac resistance is determined solely by rd, and the impact of rB will be 
ignored unless otherwise noted. Technological improvements of recent years suggest that the level 
of rB will continue to decrease in magnitude and eventually become a factor that can certainly be 
ignored in comparison to rd. 
In the reverse-bias region we will assume that the change in current along the Is line is nil from 0 V 
to the Zener region and the resulting ac resistance using Eq. (2.2) is sufficiently high to permit the 
open-circuit approximation. 
Typically, the ac resistance of a diode in the active region will range from about 1  to 100 . 
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Average AC Resistance 

If the input signal is sufficiently large to produce a broad swing such as indicated in Fig.5, the 

resistance associated with the device for this region is called the average ac resistance. The average 

ac resistance is, by definition, the resistance determined by a straight line drawn between the two 

intersections established by the maximum and minimum values of input voltage. In equation form, 

𝑟𝑎𝑣 =
Δ𝑉𝑑

Δ𝐼𝑑
|  𝑝𝑡.𝑡𝑜 𝑝𝑡.                   (2.5)    

For the situation indicated by Fig.5 

Δ𝐼𝑑 = 17𝑚𝐴 − 2𝑚𝐴 = 15𝑚𝐴 

And                                                        Δ𝑉𝑑 = 0.725𝑉 − 0.65𝑉 = 0.075𝑉 

With                                                        𝑟𝑎𝑣 =
Δ𝑉𝑑

Δ𝐼𝑑
=

0.075𝑉

15𝑚𝐴
= 5Ω 

 
Figure 5 Determining the average ac resistance between indicated limits. 

If the ac resistance (rd) were determined at ID=2 mA, its value would be more than 5Ω, and if 
determined at 17 mA, it would be less. In between, the ac resistance would make the transition from 
the high value at 2 mA to the lower value at 17 mA. Equation (2.4) defines a value that is considered 
the average of the ac values from 2 mA 
to 17 mA. The fact that one resistance 
level can be used for such a wide range 
of the characteristics will prove quite 
useful in the definition of equivalent 
circuits for a diode in a later topic. 
As with the dc and ac resistance levels, 

the lower the level of currents used to 

determine the average resistance, the 

higher is the resistance level. 
 

Summary 

The table on the right summarizes the 

different resistance levels. 

 

 

Table 1 
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Diode Equivalent Circuits 
An equivalent circuit is a combination of elements properly chosen to best represent the actual 

terminal characteristics of a device or system in a particular operating region. 

In other words, once the equivalent circuit is defined, the device symbol can be removed from a 
schematic and the equivalent circuit inserted in its place without severely affecting the actual 
behavior of the system. The result is often a network that can be solved using traditional circuit 
analysis techniques. 

Piecewise-Linear Equivalent Circuit 

One technique for obtaining an equivalent circuit for a diode is to approximate the characteristics of 
the device by straight-line segments, as shown in Fig. 6. The resulting equivalent circuit is called a 
piecewise-linear equivalent circuit. It should be obvious from Fig.6 that the straight-line segments do 
not result in an exact duplication of the actual characteristics, especially in the knee region. 
However, the resulting segments are sufficiently close to the actual curve to establish an equivalent 
circuit that will provide an excellent first approximation to the actual behavior of the device. 
However, the resulting segments are sufficiently close to the actual curve to establish an equivalent 
circuit that will provide an excellent first approximation to the actual behavior of the device. For the 
sloping section of the equivalence the average ac resistance as introduced previously is the 
resistance level appearing in the equivalent circuit of Fig. 5 next to the actual device. In essence, it 
defines the resistance level of the device when it is in the “on” state. The ideal diode is included to 
establish that there is only one direction of conduction through the device, and a reverse-bias 
condition will result in the open-circuit state for the device. Since a silicon semiconductor diode does 
not reach the conduction state until VD reaches 0.7 V with a forward bias (as shown in Fig. 6), a 
battery VK opposing the conduction direction must appear in the equivalent circuit as shown in Fig. 
7. The battery simply specifies that the voltage across the device must be greater than the threshold 
battery voltage before conduction through the device in the direction dictated by the ideal diode can 
be established. When conduction is established the resistance of the diode will be the specified 
value of rav. 

 
Figure 6 Defining the piecewise-linear equivalent circuit using straight-line segments to approximate the characteristic 

curve. 

 
Figure 7 Components of the piecewise-linear equivalent circuit. 
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Keep in mind, however, that VK in the equivalent circuit is not an independent voltage source. If a 

voltmeter is placed across an isolated diode on the top of a laboratory bench, a reading of 0.7 V will 

not be obtained. The battery simply represents the horizontal offset of the characteristics that must 

be exceeded to establish conduction. 

The approximate level of rav can usually be determined from a specified operating point on the 

specification sheet. For instance, for a silicon semiconductor diode, if IF=10 mA (a forward 

conduction current for the diode) at VD=0.8 V, we know that for silicon a shift of 0.7 V is required 

before the characteristics rise, and we obtain 

𝑅𝑎𝑣 =
0.8𝑉 − 0.7𝑉

10𝑚𝐴 − 0𝑚𝐴
=

0.1𝑉

10𝑚𝐴
= 10Ω 

As obtained for fig. 6. 

If the characteristics or specification sheet for a diode is not available the resistance rav can be 

approximated by the ac resistance rd. 

Simplified Equivalent Circuit 

For most applications, the resistance rav is sufficiently small to be ignored in comparison to the other 

elements of the network. Removing rav from the equivalent circuit is the same as implying that the 

characteristics of the diode appear as shown in Fig. 8. Indeed, this approximation is frequently 

employed in semiconductor circuit analysis. The reduced equivalent circuit appears in the same 

figure. It states that a forward-biased silicon diode in an electronic system under dc conditions has a 

drop of 0.7 V across it in the conduction state at any level of diode current (within rated values, of 

course). 

 
Figure 8 Simplified equivalent circuit for the silicon semiconductor diode.  

Now that rav has been removed from the equivalent circuit, let us take the analysis a step further and 

establish that a 0.7-V level can often be ignored in comparison to the applied voltage level. In this 

case the equivalent circuit will be reduced to that of an ideal diode as shown in Fig. 9 with its 

characteristics.  

 
Figure 9 Ideal diode and its characteristics. 

In industry a popular substitution for the phrase “diode equivalent circuit” is diode model— a model 

by definition being a representation of an existing device, object, system, and so on. In fact, this 

substitute terminology will be used almost exclusively in the chapters to follow. 
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Summary Table 

The table below shows the different diode models 
Table 2 Diode Equivalent Circuits (Models) 

 
Reverse Recovery Time 

There are certain pieces of data that are normally provided on diode specification sheets provided 
by manufacturers. One such quantity that has not been considered yet is the reverse recovery time, 
denoted by trr. In the forward-bias state it was shown earlier that there are a large number of 
electrons from the n-type material progressing through the p-type material and a large number of 
holes in the n-type material—a requirement for conduction. The electrons in the p-type material and 
holes progressing through the n-type material establish a large number of minority carriers in each 
material. If the applied voltage should be reversed to establish a reverse-bias situation, we would 
ideally like to see the diode change instantaneously from the conduction state to the nonconduction 
state. However, because of the large number of minority carriers in each material, the diode current 
will simply reverse as shown in Fig. 10 and stay at this measurable level for the period of time ts 
(storage time) required for the minority carriers to return to their majority-carrier state in the 
opposite material. In essence, the diode will remain in the short-circuit state with a current Ireverse 
determined by the network parameters. Eventually, when this storage phase has passed, the current 
will be reduced in level to that associated with the nonconduction state. This second period of time 
is denoted by tt (transition interval). The reverse recovery time is the sum of these two intervals: 
𝑡𝑟𝑟 = 𝑡𝑠 + 𝑡𝑡 . This is an important consideration in high-speed switching applications. Most 
commercially available switching diodes have a trr in the range of a few nanoseconds to 1 ms. Units 
are available, however, with a trr of only a few hundred picoseconds (1012s). 

 
Figure 10 Defining the reverse recovery time. 
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Diode Specification Sheet 

Data on specific semiconductor devices are normally provided by the manufacturer in one of two 
forms. Most frequently, they give a very brief description limited to perhaps one page. At other 
times, they give a thorough examination of the characteristics using graphs, artwork, tables, and so 
on. In either case, there are specific pieces of data that must be included for proper use of the 
device. They include: 

1. The forward voltage VF (at a specified current and temperature) 
2. The maximum forward current IF (at a specified temperature) 
3. The reverse saturation current IR (at a specified voltage and temperature) 
4. The reverse-voltage rating [PIV or PRV or V(BR), where BR comes from the term 

“breakdown” (at a specified temperature)] 
5. The maximum power dissipation level at a particular temperature 
6. Capacitance levels 
7. Reverse recovery time trr 
8. Operating temperature range 

 

Self study 

Details about the different specification are available in section 1.12 of Boylestad. This topic should be studied 

as self-study. 

Section 1.13 Semiconductor diode notation 
 

Diode Testing [For Lab] 

The condition of a semiconductor diode can be determined quickly using  
(1) a digital display meter (DDM) with a diode checking function 
(2) the ohmmeter section of a multimeter  
(3) a curve tracer. 

Diode Checking Function 
Many Digital Display Multimeters have functionalities for measuring diode forward bias voltage A 
digital display meter with a diode checking capability appears in Fig. 12. Note the small diode symbol 
at the top right of the rotating dial. When set in this position and hooked up as shown in Fig. 11a, the 
diode should be in the “on” state and the display will provide an indication of the forward-bias 
voltage such as 0.67 V (for Si). The meter has an internal constant-current source (about 2 mA) that 
will define the voltage level as indicated in Fig. 11b. An OL indication with the hookup of Fig. 11a 
reveals an open (defective) diode. If the leads are reversed, an OL indication should result due to the 
expected open-circuit equivalence for the diode. In general, therefore, an OL indication in both 
directions is an indication of an open or defective diode. 

 
Figure 11 Checking a diode in the forward bias state 

 
Figure 12 Digital display meter. 
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Ohmmeter testing 

we found that the forward-bias resistance of a semiconductor diode is quite low compared to the 

reverse-bias level. Therefore, if we measure the resistance of a diode using the connections 

indicated in Fig. 13, we can expect a relatively low level. The resulting ohmmeter indication will be a 

function of the current established through the diode by the internal battery (often 1.5 V) of the 

ohmmeter circuit. The higher the current, the lower is the resistance level. For the reverse-bias 

situation the reading should be quite high, requiring a high resistance scale on the meter, as 

indicated in Fig. 13b. A high resistance reading in both directions indicates an open (defective-

device) condition, whereas a very low resistance reading in both directions will probably indicate a 

shorted device. 

 
Figure 13 Checking a diode with an ohmmeter. 

Curve Tracer 

Curve tracers can directly plot the IV characteristics graph for a diode.  

Read details fromBoylestad book 
 

Diode Applications 
Once the basic behavior of a diode is understood, its function and response in an infinite variety of 

configurations can be examined. 

The analysis of electronic circuits can follow one of two paths: using the actual characteristics or 

applying an approximate model for the device. 

Load-Line Analysis 
The circuit of Fig. 14 is the simplest of diode configurations. It will be used to describe the analysis of 
a diode circuit using its actual characteristics. In the next section we will replace the characteristics 
by an approximate model for the diode and compare solutions. Solving the circuit of Fig. 14 is all 
about finding the current and voltage levels that will satisfy both the characteristics of the diode and 
the chosen network parameters at the same time. 

 
Figure 14 Series diode configuration: (a) circuit; (b) characteristics. 

In Fig. 15 the diode characteristics are placed on the same set of axes as a straight line defined by 
the parameters of the network. The straight line is called a load line because the intersection on the 
vertical axis is defined by the applied load R. The analysis to follow is therefore called load-line 
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analysis. The intersection of the two curves will define the solution for the network and define the 
current and voltage levels for the network. 
Before reviewing the details of drawing the load line on the characteristics, we need to determine 
the expected response of the simple circuit of Fig. 14. Note in Fig. 14 that the effect of the 
“pressure” established by the dc supply is to establish a conventional current in the direction 
indicated by the clockwise arrow. The fact that the direction of this current has the same direction as 
the arrow in the diode symbol reveals that the diode is in the “on” state and will conduct a high level 
of current. The polarity of the applied voltage has resulted in a forward-bias situation. With the 
current direction established, the polarities for the voltage across the diode and resistor can be 
superimposed. The polarity of VD and the direction of ID clearly reveal that the diode is indeed in the 
forward-bias state, resulting in a voltage across the diode in the neighborhood of 0.7 V and a current 
on the order of 10 mA or more. 

 
Figure 15 Drawing the load line and finding the point of operation. 

The intersections of the load line on the characteristics of Fig. 15 can be determined by first applying 
Kirchhoff’s voltage law in the clockwise direction, which results in 

+𝐸 − 𝑉𝐷 − 𝑉𝑅 = 0 
Or     𝐸 + 𝑉𝐷 + 𝐼𝐷𝑅                                   (2.6) 
The two variables of Eq. (2.6), VD and ID, are the same as the diode axis variables of Fig. 15. This 
similarity permits plotting Eq. (2.6) on the same characteristics of Fig. 15. 
The intersections of the load line on the characteristics can easily be determined if one simply 
employs the fact that anywhere on the horizontal axis ID=0A and anywhere on the vertical axis 
VD=0V. 
If we set VD=0V in Eq. (2.6) and solve for ID, we have the magnitude of ID on the vertical axis. 
Therefore, with VD=0 V, Eq. (2.6) becomes 

𝐸 = 𝑉𝐷 + 𝐼𝐷𝑅 
= 0𝑉 + 𝐼𝐷𝑅 

And      𝐼𝐷 =
𝐸

𝑅
|

𝑉𝐷=0𝑉
                                 (2.7) 

as shown in Fig. 15 . If we set ID=0 A in Eq. (2.6) and solve for VD, we have the magnitude of VD on the 
horizontal axis. Therefore, with ID=0 A, Eq. (2.1) becomes 

𝐸 = 𝑉𝐷 + 𝐼𝐷𝑅 
= 𝑉𝐷 + (0𝐴)𝑅 

And      𝑉𝐷 = 𝐸|𝐼𝐷=0𝐴                  (2.8) 

as shown in Fig. 15. A straight line drawn between the two points will define the load line as 
depicted in Fig. 15. Change the level of R (the load) and 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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We now have a load line defined by the network and a characteristic curve defined by the device. 
The point of intersection between the two is the point of operation for this circuit. By simply drawing 
a line down to the horizontal axis, we can determine the diode voltage 𝑉𝐷𝑄

, whereas a horizontal 

line from the point of intersection to the vertical axis will provide the level of 𝐼𝐷𝑄
. The current ID is 

actually the current through the entire series configuration of Fig. 14a. The point of operation is 
usually called the quiescent point (abbreviated “Qpoint”) to reflect its “still, unmoving” qualities as 
defined by a dc network. 
The solution obtained at the intersection of the two curves is the same as would be obtained by a 
simultaneous mathematical solution of 

𝐼𝐷 =
𝐸

𝑅
−

𝑉𝐷

𝑅
 

And      𝐼𝐷 = 𝐼𝑆(𝑒
𝑉𝐷

𝑛𝑉𝑇 − 1) 
Since the curve for a diode has nonlinear characteristics, the mathematics involved would require 

the use of nonlinear techniques that are beyond the needs and scope of this book. The load-line 

analysis described above provides a solution with a minimum of effort and a “pictorial” description 

of why the levels of solution for 𝑉𝐷𝑄
 and 𝐼𝐷𝑄

 were obtained. Example 2.1 demonstrates the 

techniques introduced above and reveals the relative ease with which the load line can be drawn 

using Eqs. (2.2) and (2.3). 
 

 

 

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

by the chosen device. 
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Figure 16 Solution to example 2.1 

Changing the model we use for the diode will not disturb the network so the load line to be drawn 

will be exactly the same as appearing previously. Since the network of Example 2.1 is a dc network 

the Q-point of Fig.2.4 will remain fixed with 𝑉𝐷𝑄
=  0.78 𝑉 and 𝐼𝐷𝑄

=  18.5 𝑚𝐴. A dc resistance is 

defined at any point on the characteristics by RDC = VD/ID. 

Using the Q-point values, the dc resistance for Example 2.1 is 

𝑅𝐷 =
𝑉𝐷𝑄

𝐼𝐷𝑄

=
0.078𝑉

18.5𝑚𝐴
= 42.16Ω 

An equivalent network (for these operating conditions only) can then be drawn as shown in Fig. 17. 

 
Figure 17 Network equivalent to figure 16 

The current 

𝐼𝐷 =
𝐸

𝑅𝐷 + 𝑅
=

10𝑉

42.16Ω + 500Ω
=

10𝑉

542.16Ω
≅ 𝟏𝟖. 𝟓𝒎𝑨 

And    𝑉𝑅 =
𝑅𝐸

𝑅𝐷+𝑅
=

(500Ω)(10𝑉)

42.16Ω+500Ω
= 𝟗. 𝟐𝟐𝐕 

Matching the result of example 2.1. 
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Figure 18 Solution to Example 2.1 using the diode approximate model 

The results obtained in Example 2.2 are quite interesting. The level of 𝐼𝐷𝑄
 is exactly the same as 

obtained in Example 2.1 using a characteristic curve that is a great deal easier to draw than that 
appearing in Fig. 16. The VD=0.7 V here and the 0.78 V from Example 2.1 are of a different magnitude 
to the hundredths place, but they are certainly in the same neighborhood if we compare their 
magnitudes to the magnitudes of the other voltages of the network. 
For this situation the dc resistance of the Q-point is 

𝑅𝐷 =
𝑉𝐷𝑄

𝐼𝐷𝑄

=
0.7𝑉

18.5𝑚𝐴
= 37.84Ω 

which is still relatively close to that obtained for the full characteristics. 

 

 
Figure 19 Solution of Example 2.1 using Ideal Diode model 

The results are sufficiently different from the solutions of Example 2.1 to cause some concern about 
their accuracy. Certainly, they do provide some indication of the level of voltage and current to be 
expected relative to the other voltage levels of the network, but the additional effort of simply 
including the 0.7-V offset suggests that the approach of Example 2.2 is more appropriate. 
Use of the ideal diode model therefore should be reserved for those occasions when the role of a 
diode is more important than voltage levels that differ by tenths of a volt and in those situations 
where the applied voltages are considerably larger than the threshold voltage VK. 
In this case: 

𝑅𝐷 =
𝑉𝐷𝑄

𝐼𝐷𝑄

=
0𝑉

20𝑚𝐴
= 0Ω 
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Example 1.3 

 

 

 
Example 1.4 
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Example 2.1 [Added to keep all examples in one place] 

 

 

 
Example 2.2 [Added to keep all examples in one place] 
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Example 2.3 [Added to keep all examples in one place] 

 

 
 

 

 

1. Boylestad chapter 1 problems: 24,25,26,27,29,31,34,35,36,37,38. 

2. Boylestad chapter 2 problems: 1,2,3,4. 
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1. Electronic Devices and Circuit, 11th edition, Robert L. Boylestad. 

2. Electrical and Electronic Principles and Technology, 3rd edition, John Bird. 


