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Special-Purpose Diodes
THE ZENER DIODE

WORK AT SPECIFIC BREAKDOWN VOLTAGE.
FUCTION AS A VOLTAGE SENSITIVE SWITCH.
THIS VOLTAGE (VZ) VARY FROM 2 TO 200 VOLTS
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LIGHT EMITTING DIODE (LED)

ALL DIODES EMIT SOME EM RADIATION WHEN FORWARD 
BIASED. DIODES MADE FROM CERTAIN SEMICODUCTORS EMIT 
LOTS OF LIGHT. THESE ARE CALLED LEDS

YOU TUBE: MAKE presents: The LED http://www.youtube.com/watch?v=P3PDLsJQcGI

LEDS CAN EMIT AND DETECT LIGHT



(PHOTODIODES)

http://www.youtube.com/watch?v=U6Wvmrc3akchow photodiode works

PHOTODIODES

ARE DESIGNED TO DETECT LIGHT. ( ALL PN JUNCTIONS ARE LIGHT SENSITIVE) THEY HAVE A
WINDOW WHERE LIGHT ENTERS TO A LARGE EXPOSED JUNCTION REGION. SOME COMMON
USES INCULDE CAMERAS, ALARMS, LIGHTWAVE DIODES (LASERS).

PHOTODIODE SYMBOL

PHOTODIODES CAN BE USED TO DETECT FAST
PULSES OF INFRARED LIGHT, USED IN LIGHTWAVE
COMMUNICATIONS

http://www.youtube.com/watch?v=U6Wvmrc3akcThe Photodiode

HOW PHOTODIODES WORK

A INCOMING PHOTON WILL CREATE A HOLE 
ELECTRON PAIR AT THE PN JUNCTION. A CURRENT
WILL FLOW IF BOTH SIDES ARE CONNECTED.

INCOMING PHOTONS

-

+

HOLES

ELECTRONS

TYPES OF PHOTODIODES

SMALL AREA PHOTODIODES
THESE HAVE VERY FAST RESPONS TIMES

LARGE AREA PHOTODIODES
HAVE SLOWER RESPONSE TIMES THEN SMALL AREA PHOTODIODES
THESE LARGE SURFACE AREA GIVES HIGH SENSITIVITY.



WINDOW

METAL CAN

CHIP

LENS

ANODE

CATHODE

COMPOENTS OF A PHOTODIODE
DIFFERENT PACKAGE STYLES FOR PHOTODIODES

Any CCD

CHARGE COUPLED DEVICES (CCD)
Zener Diode - Voltage Regulator (reverse biased)

A Zener diode is a type of diode that permits current not only in the forward 
direction like a normal diode, but also in the reverse direction if the voltage is 
larger than the breakdown voltage known as "Zener knee voltage" or "Zener 
voltage". 



Zener Diode - Voltage Regulator (reverse biased)

Kirchhoff’s voltage law

Vss+ RiD+vD=0

Problem
Find the output voltage for Vss=15V 
and Vss=20V if R=1kW and a Zener 
diode has the ch-tic shown below. 

Load Line analysis

Reverse bias region

Slope of the load is -1/R

Load Line Analysis of Complex Circuits

Thevenin Equivalent
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Figure 3.24  A voltage regulator supplies constant voltage to a load.

Voltage Regulator (1)
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Figure 3.25  A simple regulator circuit that provides a nearly constant output voltage from 
a variable supply voltage.

Voltage Regulator (2)
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Figure 3.26  See Example 3.4.

Voltage Regulator (3)
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Fig. 3.36  Block diagram of a dc power supply.

Designing a power supply

Problem

Consider the Zener diode regulator shown in figure (a). Find the load voltage 
vL and the source current iS if Vss=24V, R=1.2kW and RL=6kW.

Problem

Consider the Zener diode regulator shown in figure (a). Find the load voltage 
vL and the source current iS if Vss=24V, R=1.2kW and RL=6kW.

Exercise – find Thevenin equivalent



Problem

Consider the Zener diode regulator shown in figure (a). Find the load voltage 
vL and the source current iS if Vss=24V, R=1.2kW and RL=6kW.

VT=Vss*(RL/(R+RL))=20V
RT=(RRL)/(R+RL)=1kW

Thevenin equivalent

VT + RTiD + VD = 0

Load line equation

Finally iS=(VSS-VL)/R=11.67 mA (from circuit “a”)

Exercise 10.4 & 10.5

iD=-10mA

VL=-VD=10V

Ideal diode Model
Useful for circuits with more than one diode

(1) Assume a state for each diode, 
either “on” or “off” -2n combinations

(2) Assume a short circuit for diode 
“on” and an open circuit for diode 
“off”

(3) Check to see if the result is 
consistent with the assumed state 
for each diode (current must flow in 
the forward direction for diode “on” 
and the voltage across the diodes 
assumed to be “off” must be positive 
at the cathode – reverse bias)

(4) If the results are consistent with 
the assumed states, the analysis is 
finished. Otherwise return to step 
(1) and choose a different 
combination of diode states.

Problem
Analyze the circuit shown below using the ideal diode model. Start by 
assuming the D1 is off and D2 is on.

7V

Not consistent with 
the assumption that
D2 if off

-3V

Exercise 10.6 & 10.7 & 10.8



Problem
Analyze the circuit shown below using the ideal diode model. Start by 
assuming the D1 is off and D2 is on.

7V

-3V

Not consistent with 
the assumption that
D1 is off

Problem
Analyze the circuit shown below using the ideal diode model. Start by 
assuming the D1 is off and D2 is on.

7V

-3V

This is OK

Piecewise Linear Diode Models
More accurate that the ideal diode model and do not relies on nonlinear 
equation or graphical techniques.

(1) Diode V-I ch-tic approximated by 
straight line segments
(2) We model each section of the diode 
I-V ch-tic with R in series with a fixed 
voltage source

v = Rai + Va

Problem
Find circuit models for the Zener-diode volt-ampere ch-tic shown in figure 
below using the piecewise-linear diode model.

Draw a line

Look for intercept (0.6V) 
& the reciprocal of the 
slope (1/R)
(1.6V-0.6V)/100mA=10W

Repeat for the reverse bias 

Open circuit approximation

Exercise 10.7



anodecathode

symbol

cathode anode

device

Silicon rectifier diode
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Input voltage output voltagecircuit

Input and output of a simple rectifier circuit

Fig. 8-23 p.219 A single-phase half-wave rectifier circuit produces 
one output pulse of dc for each cycle of ac input.  

HOW DIODES ARE USED Power Diode Rectifier

Half Wave Rectifier Circuit

Half-wave Rectifier with Smoothing Capacitor
Full Wave Rectifier Circuit



The Diode Bridge Rectifier

The Positive Half-cycle The Negative Half-cycle

Full-wave Rectifier with Smoothing Capacitor

Full Wave Bridge Rectifier http://www.youtube.com/watch?v=aCfAdIRRw7M

VARIOUS TYPES OF POWER RECTIFIERS



Various printed circuit board mounted rectifiers and voltage regulators

https://www.youtube.com/watch?v=ylk6VMBLrvM




