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A diode is a semiconductor device, typically made of silicon, that essentially acts as a one-
way switch for current. It allows current to flow easily in one direction but severely restricts
current from flowing in the opposite direction.

Diodes are also known as rectifiers because they change alternating current (AC) into

pulsating direct current (DC). Diodes are rated according to their type, voltage, and current
capacity.

\

Diodes are available in various configurations. From left: metal case, stud mount, plastic case
with band, plastic case with chamfer, glass case.



What Does a Diode Do?

Diodes have polarity, determined by an anode (positive lead) and cathode (negative lead).
Most diodes allow current to flow only when positive voltage is applied to the anode.
When a diode allows current flow, it is forward-biased. When a diode is reverse-biased, it
acts as an insulator and does not permit current to flow.

Forward Bias Reverse Bias
Cathode
Positive Cathode J Positive
Polarity  Anode Anode Polarity
Positive l ./ Negative l l
Lead Lead
\ + ot / \ +

o0 o0

Current Flow Mo Gurrent Flow

Strange but true: The diode symbol's arrow points against the direction of electron flow. The
reason is that engineers conceived the symbol, and their schematics show current flowing
from the positive (+) side of the voltage source to the negative (-). It's the same convention
used for semiconductor symbols that include arrows — the arrow points in the permitted
direction of "conventional" flow, and against the permitted direction of electron flow.



Types of Diodes

Different diode types all perform key functions in an electrical system. Here are some of the most
important types of diodes.

Rectifier Diodes: A rectifier diode converts AC into DC. Direct current flows in one consistent direction,
making it easier to control.

Zener Diodes: Zener diodes are designed to protect electrical systems from overvoltage. They conduct
current in reverse whenever the cathode reaches a predetermined threshold voltage.

Light Emitting Diodes: A light-emitting diode (LED) emits light when forward-biased current flows through
it. LEDs are widely used in displays and indicators.

Schottky Diodes: Schottky diodes, also known as barrier diodes or hot-carrier diodes, are often used in
high-speed applications because of their fast-switching capabilities and their low forward voltage drop.
Photodiodes: Photodiodes produce electrical currents when they absorb photons. They are widely used in
sensors and in solar cells.

Diode Ratings and Testing

Every diode has a current and voltage rating, determined by factors like materials and design. Those ratings
represent the maximum levels of voltage and currency the diode can tolerate.

Exceeding currency and voltage levels can cause permanent damage to the diode or to the whole circuit.
High voltage levels may also cause the diode to short circuit and either allow current to flow in both
directions or halt current from flowing in either direction.

Proper diode function can be tested with a digital multimeter (DMM).

Testing Diodes with a Digital Multimeter

There are two methods of testing diodes using a digital multimeter: diode test mode and resistance mode.
Diode test mode is by far the more effective means of testing. Resistance testing is less reliable and should
only be used if the multimeter does not have a diode test mode.

A digital multimeter's diode test produces a small voltage between the test leads, enough to forward-bias
a diode junction. A good forward-bias diode displays a voltage drop from 0.5 to 0.8 volts (for most silicon
diodes). The meter will display ‘Ol when a good diode is reverse-biased. OL will indicate the diode is
functioning as an open switch.



Good Diode

Good Diode

Reverse
Bias

The forward-biased
resistance of a good diode
should range from 1000
ohms to 10 Mohmes.
Thereverse-biased
resistance on a good diode,
will read OL The diode is bad
if readings are the same in
both directions.



Applications of Diodes

Power Conversion: Rectifiers convert AC signal into pulsing DC signal, making it easier to control
the flow of power.

Signal Demodulation: Demodulation diodes are a critical part of radio receivers. The diodes
retrieve the original message sent through the airwaves for transmission.

Overvoltage Protection: Zener diodes are used to protect circuits from unsafe voltage levels.
They are also used to protect supply lines and power supply control lines.

Logic Gates: Diodes play a crucial role in modern computing and digital technology. They make it
possible to reinforce binary systems through gates that perform simple logic functions, like
and/or/not.

Case Study: Using Diodes with the Fluke 87V Digital Multimeter

Scoreboards often use LEDs in connected series. When one diode fails, all or part of a segment
often fails to light.

Solving this problem using legacy tools can be time-consuming: it means setting up a DC power
source and resistor to test each LED individually.

Fortunately, the Fluke 87V Industrial Multimeter has a built-in diode test mode, so that
technicians can identify the defective LED and fix the problem quickly. The process consists of
just four steps:

1. Verify that all power to the circuit is off and that all capacitors are
discharged.

2. Set the multimeter to measure either AC or DC voltage, as needed.
Turn the dial to diode test mode.

3. Connect the test leads to the diode and record the measurement
displayed.

4. Reverse the test leads and record the measurement displayed.
This test pinpoints exactly which diodes are causing the trouble.




Bad diodes, like the ones that
BEnLada brought down the scoreboard,
stop current from flowing in
both directions. The multimeter
display will read OL for both
steps three and four when
measuring a bad diode.

Final Thoughts

Though small and simple, the
diode is an essential part of
modern electrical systems. By
controlling the flow and
direction of current, diodes
enable countless applications
of modern electronics.
Fortunately, tools like digital
multimeters make it easy to
measure diode health and
determine when it’s time to
replace diodes. This allows
technicians to keep circuits in
good running order, powering
the electrical systems

we all rely on.

A shorted diode will have the same voltage reading in
both directions (usually in the range of 0.4 volts).

Shorted

Once the faulty dlodes are identified, a technician can
simply replace them, and the scoreboard should work like
normal again.
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HaREARE?
A true-RMS device (RMS = root mean square) is one of three tools that can measure
alternating current (ac) or ac voltage:
True-RMS digital multimeters (or clamp meter)
Average-responding digital multimeter (or clamp meter)
Oscilloscope
Only the first two tools are commonly used, and both can accurately measure standard (pure
ac) sinusoidal waveforms.
Yet a true-RMS meter is widely preferred because it is the only one that can accurately
measure both sinusoidal and non-sinusoidal ac waveforms.
Sinusoidal (sine) waves: Pure, without distortion, with symmetrical transitions between
peaks and valleys.
Nonsinusoidal waves: Waves with distorted, irregular patterns—spikes, pulse trains, squares,
triangles, sawtooth and any other ragged or angular waves.



How to calculate RMS

As mentioned previously, RMS = root mean square. Though its formula can be challenging to
grasp, RMS essentially calculates the equivalent direct current (dc) value of an ac waveform.
More technically, it determines the "effective," or dc heating value, of any ac wave shape.

An average-responding meter uses averaging mathematical formulas to accurately measure
pure sinusoidal waves. It can measure non-sinusoidal waves, but with uncertain accuracy.

A more sophisticated true-RMS meter can accurately measure both pure waves and the
more complex non-sinusoidal waves. Waveforms can be distorted by nonlinear loads such as
variable speed drives or computers. An averaging meter attempting to measure distorted
waves can be up to 40% low or 10% high in its calculations.

Multimeter Response to Response to Response to Response to

type sine wave square wave single phase 3 ¢ diode
diode rectifier rectifier

Average Correct 10 % high 40 9% low 5 % to 30 % low

responding

True-rms Correct Correct Correct Correct

Where to measure true-RMS

The need for true-RMS meters has grown as the possibility of non-sinusoidal waves in circuits has greatly increased in recent years. Some

examples:

Variable-speed motor drives / Electronic ballasts / Computers / HVAC / Solid-state environments

In these environments, current occurs in short pulses rather than the smooth sine wave drawn by a standard induction motor. The current
wave shape can have a dramatic effect on a current clamp reading. In addition, a true-RMS meter is the better choice for taking

measurements on power lines where ac characteristics are unknown.

Reference: Digital Multimeter Principles by Glen A. Mazur, American Technical Publishers.




HAREFH?

Duty cycie is the ratio of time a load or circuit is ON compared to the time the load or
circuit is OFF.

Duty cycle, sometimes called "duty factor," is expressed as a percentage of ON time. A 60%
duty cycle is a signal that is ON 60% of the time and OFF the other 40%.

Pulsed on 0.01 sec each
U 1 sec produces lean fuel mixture
10 CPS {10 Hz|

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

One second

10 % duty cycle

Pulsed on 0.05 sec each
0.1 sec produces balanced fuel mixture

apigigigigiptipininin

50 Y% duty cycle

Voltage averaga = GV

Pulsed on 0.09 sec each
0.1 sec produces rich fuel mixture

o 90 % duty cycle
Graphical representation of duty cycle, or duty factor, at 10%, 50%, and 90%.Many loads are
rapidly cycled on and off by a fast-acting electronic switch which accurately controls the
output power of the load. Load operation—such as lamp brightness, heating element
outputs and the magnetic strength of a coil—can be duty cycle-controlled by ON and OFF
time periods or cycles per second.



Pulze Load on Load off

l&— yden —>| €500 —»|€—50w —3]
of time of time
o-0 0- 0 0-0 o0 o0-0 o0
Load On Load Dff Load On Load O Load On Lioad OH

|[&=—— Onecyde ——3|
Period of waveform {100 %

Duty Cycle, Simplified
If the valve is pulsed ON at variable duratlons (called pulse-width modulation), the duty cycle varies. If it
is pulsed ON for 0.05 seconds in a 0.1-second cycle, the fuel injector duty cycle equals 50%. If it pulsed
ON for 0.09 seconds of that same 0.1-second cycle, the fuel injector duty cycle equals 90%.

Example of Duty Cycle in Automotive

In an automotive electronic fuel injection system, voltage pulses supplied to the fuel injector valve
solenoid control the fuel injector valve at a fixed rate of 10 cycles per second, or 10 Hz.

Pulse width modulation allows fuel supplied to the engine to be precisely controlled electronically. The
voltage average for each duty cycle is determined by the amount of pulse ON time.

Duty cycled solenoids use a variable duty cycle signal to vary flow or adjust pressure. The longer a
solenoid remains open, the more flow and less pressure develops. These solenoids are either feed-
controlled or ground-controlled.

What is a Pulse Width?

Pulse width is a measure of the actual ON time, measured in milliseconds. The OFF time does not affect
signal pulse width. The only value being measured is how long the signal is ON (ground-controlled).
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Ohm’s Law is a fundamental principle in electronics and electrical engineering. It defines the
relationship between three essential electrical quantities: voltage, current, and resistance.
Whether you're a technician, or engineer, understanding Ohm’s Law is crucial for calibration,
analyzing, and troubleshooting electrical circuits.

The Ohm's Law formula

To students of electronics, the Ohm's Law formula (E = IR) is as fundamentally important as
Einstein's Relativity equation (E = mc?) is to physicists.

E=IxR

When spelled out, it means voltage = current x resistance, or volts = amps x ohms, or V=A x Q.
Who Was Georg Ohm?

Ohm’s Law is named after Georg Simon Ohm, a German physicist who published his findings in
1827. His experiments demonstrated that the electric current through a conductor is directly
proportional to the voltage and inversely proportional to the resistance. Ohm's Law addresses
the key quantities at work in circuits:

Key Electrical Elements Explained

Here’s a quick breakdown of the three core elements in Ohm’s Law:

. Ohm's Law Unit of measure o In case you're
Quantity .. Role in circuits .
symbol (abbreviation) wondering:

Pressure that triggers E = electromotive force

Vol E Volt (V
oltage olt (V) electron flow (old-school term)

Current I Ampere, amp (A) Rate of electron flow | = intensity

Resistance R Ohm (Q) Flow inhibitor Q = Greek letter omega



How to Use Ohm’s Law

Ohm’s Law can be rearranged depending on which values you know:

To find current (1): I=V/R

To find resistance (R): R=V/I

To find voltage (V): V=1xR

These formulas are especially useful when direct measurement isn’t possible, such as
calculating resistance in a live circuit where disconnecting components isn’t practical.
As long as two of these values are known, technicians can reconfigure Ohm's Law to

calculate the third. Just modify the pyramid as follows:

/\ /2\ /x\
AR AR\ A]R

If you know voltage (E) and current (I) and want to know resistance (R), X-out the R in the
pyramid and calculate the remaining equation (see the first, or far left, pyramid above).

Note: Resistance cannot be measured in an operating circuit, so Ohm's Law is especially useful
when it needs to be calculated. Rather than shutting off the circuit to measure resistance, a

technician can determine R using the above variation of Ohm's Law.




Current Formula

If you know voltage (E) and resistance (R) and want to know current (), X-out the | and
calculate the remaining
I=E/R

Voltage Formula

If you know current (l) and resistance (R) and want to know voltage (E), multiply the bottom
halves of the pyramid.

E=I*R

Try a few sample calculations based on a simple series circuit, which includes just one source
of voltage (battery) and resistance (light). Two values are known in each example. Use Ohm's
Law to calculate the third.

Example 1: Voltage (E) and resistance (R) are known.

two symbols.

What is the current in the circuit? R = 6 Q
| =E/R=12V/6Q = 2A

E=12V






[=5A

E=2?

When Ohm published his formula in 1827, his key finding was that the amount of electric
current flowing through a conductor is directly proportional to the voltage imposed onit. In
other words, one volt of pressure is required to push one amp of current through one ohm
of resistance.



Why Ohm’s Law Matters in the Field

Technicians use Ohm’s Law to validate circuit behavior and diagnose issues. For example:

Unexpected current levels may indicate a change in resistance or voltage.

Low current in a DC circuit could point to increased resistance from corrosion or loose connections.

High current might suggest a short circuit or a failed component.

By comparing measured values to expected ones (often found on equipment nameplates), technicians can pinpoint
faults without dismantling the circuit.

What Ohm’s Law Can Validate

Ohm’s Law can be used to validate the static values of circuit components, current levels, voltage supplies, and voltage
drops. If, for example, a test instrument detects a higher than normal current measurement, it could mean that
resistance has decreased or that voltage has increased, causing a high-voltage situation. This could indicate a supply or
circuit issue.

In direct current (dc) circuits, a lower than normal current measurement could mean that the voltage has decreased, or
circuit resistance has increased. Possible causes for increased resistance are poor or loose connections, corrosion
and/or damaged components.

Loads within a circuit draw on electrical current. Loads can be any sort of component: small electrical devices,
computers, household appliances or a large motor. Most of these components (loads) have a nameplate or
informational sticker attached. These nameplates provide safety certification and multiple reference numbers.
Technicians refer to nameplates on components to learn standard voltage and current values. During testing, if
technicians find that customary values do not register on their digital multimeters or clamp meters, they can use
Ohm's Law to detect what part of a circuit is faltering and from that determine where a problem may lie.

The basic science of circuits

Circuits, like all matter, are made of atoms. Atoms consist of subatomic particles:

Protons (with a positive electrical charge)

Neutrons (no charge)

Electrons (negatively charged)

Atoms remain bound together by forces of attraction between an atom's nucleus and electrons in its outer shell. When
influenced by voltage, atoms in a circuit begin to reform and their components exert a potential of attraction known as
a potential difference. Mutually attracted loose electrons move toward protons, creating a flow of electrons (current).
Any material in the circuit that restricts this flow is considered resistance.
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