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Lecture # 2Lecture # 2

The Small Signal ModelThe Small Signal Model
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The superimposed small signal quantities vd(t) & id(t) are
related by diodes small signal resistance evaluated at the
bias point and the conclusion is that small signal analysis
can be performed separately from the dc bias analysis which
is a big convenience resulted from the linearization of the
diode characteristics inherent in the small signal
approximation.
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Example 3.6Example 3.6

Consider the following circuit (a), V = 10 V, R = 10K, a 60 Hz sinusoid of 1 V peak
amplitude is superimposed, calculate the dc voltage of the diode and amplitude of the sine
wave appearing across the diode, assuming the diode to have a 0.7 drop at 1 mA and n = 2.
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Figure 3.18 (a) Circuit for Example 3.6. (b) Circuit for calculating the dc operating point. (c) Small-signal equivalent circuit.
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Example 3.7 (Voltage Regulation)Example 3.7 (Voltage Regulation)

Consider the following circuit, 3 diodes provide 2.1 V constant (regulated), calculate the
percentage change in the regulated voltage by varying (a) 10 % change in supply voltage
(b) connecting a 1 K load resistor, assuming n = 2.
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Exercise 3.14Exercise 3.14

Find the value of the diode small signal resistance at a bias current of 0.1 mA, 1 mA and 10
mA, assume n = 1.

DTd InVr /=
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Exercises 3.15Exercises 3.15

Consider a diode with n = 2 biased at 1 mA, find the change in current as a result of changing
the voltage by;
(a) -20 mV
(b) -10 mV
(c) -5 mV
(d) +5 mV
(e) +10 mV
(f) +20 mV
For each case do the calculations using
(i) Small signal model
(ii) Exponential mode.

d
D

d

dDD

v
nV
Ii

iIi

=

+=
Small Signal Model

Copyright © 2004 by Oxford University Press, Inc. 6

T

d

nV
v

SD

T

eIi

nV

=
Exponential Model



4

Exercises 3.16Exercises 3.16

Design the following circuit so that VO = 3 V, when IL = 0 and VO changes by 40 mV per 1 mA of load current. 
Find the value of R and the junction area of each diode (assume all four diodes are identical) relative to a diode 
of 0.7 V drop at 1 mA, assume n = 1.  
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Summary of Diode ModellingSummary of Diode Modelling

ExponentialExponential Piecewise LinearPiecewise Linear Constant Voltage DropConstant Voltage Drop
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SummarySummary

Ideal Diode ModelIdeal Diode Model Small Signal ModelSmall Signal Model
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Voltage Regulation (Breakdown Region)Voltage Regulation (Breakdown Region)

Copyright © 2004 by Oxford University Press, Inc. 10



6

Zener Diode CharacteristicsZener Diode Characteristics
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Zener Diode ModellingZener Diode Modelling

VZ = VZ0 + rZ IZ
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VZ  VZ0 + rZ IZ

IZ > IZK and VZ > VZ0
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Example 3.8Example 3.8
VZ = 6.8 V at IZ = 5 mA, rZ = 20 ohm and IZK = 0.2 mA, supply voltage is 10 V but can vary by ±1V.
1. Find VO with no load and supply voltage 10 V.
2. Find the change in VO resulting from ±1V change. Note that (∆VO/ ∆V) usually expressed in mv/v as line 

regulation.
3. Find the change in VO resulting from connecting load resistance RL that draws IL=1mA, hence find the 

load regulation (∆VO/ ∆IL)  in mV/mA.
4. Find the change in VO when RL =2 KΩ.
5. Find the change in VO when RL =5 KΩ.g O L
6. What is the maximum value RL for which the diode still operate in the breakdown region ?

VZ = VZ0 + rZ IZ

IZ > IZK and VZ > VZ0
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Exercises 3.17, 3.18 & 3.19Exercises 3.17, 3.18 & 3.19
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Rectifier CircuitsRectifier Circuits

Power 
Transformer

Copyright © 2004 by Oxford University Press, Inc. 15

Half  Wave RecitifierHalf  Wave Recitifier

v0 = 0, vS < VD0
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v0 = (vS - VD0 ) (R/R + rD) , vS ≥ VD0

v0 ≈ vS - VD0 because rD « R
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Exercise: 3.20Exercise: 3.20
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Full Wave RectifierFull Wave Rectifier
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Figure 3.26 Full-wave rectifier utilizing a transformer with a center-tapped secondary winding: (a) circuit; (b) transfer 
characteristic assuming a constant-voltage-drop model for the diodes; (c) input and output waveforms.
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Exercise 3.21Exercise 3.21
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Bridge RectifierBridge Rectifier
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Figure 3.27 The bridge rectifier: (a) circuit; (b) input and output waveforms.
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Exercise 3.22Exercise 3.22
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Capacitor FilterCapacitor Filter
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Figure 3.28 (a) A simple circuit used to illustrate the effect of a  filter capacitor. (b) Input and output waveforms assuming 
an ideal diode. Note that the circuit provides a dc voltage equal to the peak of the input sine wave. The circuit is therefore 
known as a peak rectifier or a peak detector.
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Capacitor Filter (Realistic Situation)Capacitor Filter (Realistic Situation)
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Figure 3.29 Voltage and current waveforms in the peak rectifier circuit with CR @ T. The diode is assumed ideal.

Full Wave Peak RectifierFull Wave Peak Rectifier
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Figure 3.30 Waveforms in the full-wave peak rectifier.
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Exercise 3.24Exercise 3.24
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Super Diode (Precision Half Wave Rectifier)Super Diode (Precision Half Wave Rectifier)
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Figure 3.31 The “superdiode” precision half-wave rectifier and its almost-ideal transfer characteristic. Note that when vI > 0 and  the diode conducts, 
the op amp supplies the load current, and the source is conveniently buffered, an  added advantage. Not shown are the op-amp power supplies.
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Exercise 3.25 & 3.26Exercise 3.25 & 3.26
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Limiting & Clamping CircuitsLimiting & Clamping Circuits
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Figure 3.32 General transfer characteristic for a  limiter circuit.
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ClipperClipper
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Figure 3.33 Applying a sine wave to a limiter can result in clipping off its two peaks.

Soft LimiterSoft Limiter
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Basic Limiting CircuitsBasic Limiting Circuits
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Figure 3.35 A variety of basic limiting circuits.

Exercise 3.27Exercise 3.27
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Clamped Capacitor/ DC RestorerClamped Capacitor/ DC Restorer
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Clamped Capacitor with a Load ResistorClamped Capacitor with a Load Resistor
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Volatge DoublerVolatge Doubler
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Exercise 3.28Exercise 3.28
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Physical Structure of the Junction DiodePhysical Structure of the Junction Diode
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Silicon Crystal at Low TemperatureSilicon Crystal at Low Temperature
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Figure 3.40 Two-dimensional representation of the silicon crystal. The circles represent the inner core of silicon atoms, with +4 indicating its positive
charge of +4q, which is neutralized by the charge of the four valence electrons. Observe how the covalent bonds are formed by sharing of the valence
electrons. At 0 K, all bonds are intact and no free electrons are available for current conduction.
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Silicon Crystal at Room TemperatureSilicon Crystal at Room Temperature
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Figure 3.41 At room temperature, some of the covalent bonds are broken by thermal ionization. Each broken bond gives rise to a free electron and a 
hole, both of which become available for current conduction.

Drift & DiffusionDrift & Diffusion
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Figure 3.42 A bar of intrinsic silicon (a) in which the hole concentration profile shown in (b) has been created along the x-axis by some unspecified 
mechanism.
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Doped Semiconductor (nDoped Semiconductor (n--type)type)
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Figure 3.43 A silicon crystal doped by a pentavalent element. Each dopant atom donates a free electron and is thus called a donor. The doped 
semiconductor becomes n type.

Doped Semiconductor (pDoped Semiconductor (p--type)type)
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Figure 3.44 A silicon crystal doped with a trivalent impurity. Each dopant atom gives rise to a hole, and the semiconductor becomes p type.



22

pn Junction Under Open Circuit Conditionpn Junction Under Open Circuit Condition

Majority Carriers holes
Majority Carriers electrons
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Figure 3.45 (a) The pn junction with no applied voltage (open-circuited terminals). (b) The potential distribution along an 
axis perpendicular to the junction.

pn Junction Under Reverse Bias Conditionpn Junction Under Reverse Bias Condition
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Figure 3.46 The pn junction excited by a constant-current source I in the reverse direction. To avoid breakdown, I is kept smaller than IS. Note that 
the depletion layer widens and the barrier voltage increases by VR volts, which appears between the terminals as a reverse voltage.
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Depletion CapacitanceDepletion Capacitance
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Figure 3.47 The charge stored on either side of the depletion layer as a function of the reverse voltage VR.

pn Junction in Breakdown Regionpn Junction in Breakdown Region
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Figure 3.48 The pn junction excited by a reverse-current source I, where I > IS. The junction breaks down, and a voltage VZ , with the polarity 
indicated, develops across the junction.
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Pn Junction Under Forward Bias ConditionPn Junction Under Forward Bias Condition
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Figure 3.49 The pn junction excited by a constant-current source supplying a current I in the forward direction. The depletion layer narrows and the 
barrier voltage decreases by V volts, which appears as an external voltage in the forward direction.

Minority Carrier DistributionMinority Carrier Distribution
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Figure 3.50 Minority-carrier distribution in a forward-biased pn junction. It is assumed that the p region is more heavily doped than the n region; NA  @ ND.
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Special DiodesSpecial Diodes

•• Schottky Barrier Diode (SBD)Schottky Barrier Diode (SBD)
•• VaractorsVaractors
•• PhotoPhoto--DiodesDiodes
•• Light Emitting DiodesLight Emitting Diodes
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Home work:Home work:

Problems: 3.11, 3.12, 3.13, 3.14, 3.15, Problems: 3.11, 3.12, 3.13, 3.14, 3.15, 
3.16, 3.66, 3.67, 3.77, 3.783.16, 3.66, 3.67, 3.77, 3.78
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