
ELECTRONICS FOR BEGINNERS 
CHAPTER 12: Diodes 

 Standard diodes are just like Figure 11.6 in the last chapter. Opera on is simple: diodes conduct in the “forward 
biased” direc on (plus to minus – see “which way does electricity flow”, Ch. 1) but not when reverse biased. A 
diode acts like a one-way check valve. See Figure 12.1. 

Figure 12.1. A diode behaves like a one-way check valve. 

Diodes, like valves, are less than perfect. It 
takes a bit of pressure to open the valve, and 
the pressure drop increases at higher flow. 
When pressure is reversed the valve closes 
but may leak just a li le. At extremely high 
reverse pressure the valve might rupture 
and break down. Diodes behave the same 
way. The figure shows a typical current-
versus-voltage curve in the forward direc on 
for silicon diodes, the most common type. 
Others may show slightly different voltages 
or differ in other ways. 

If the voltage is reversed, most diodes will have a very small leakage current, usually nanoamps or a few micro-
amps. If the voltage gets too high the diode will break down and conduct, possibly destroying itself. All diode 
specifica ons list the reverse breakdown voltage. 

There are a great many kinds of diodes. More on that later. 

Basic Diode Circuits 

Half-waveÊrec fier.  

Figure 12.2. Half-wave rec fier. Adding a capacitor smooths the output 
waveform. 

Figure 12.2a shows a diode and a load resistor driven by an AC voltage source. When the voltage is posi ve the 
diode conducts. The resistor voltage equals the source, less the forward voltage drop across the diode (typically 
around 0.7V for silicon diodes at lower currents). On the nega ve half-cycle, conduc on stops and the resistor’s 
voltage drops to zero. This circuit is called a half-wave rec fier. Figure 12.2b is the same circuit, except the ge-
neric AC voltage source symbol has been replaced by a transformer secondary. Opera on is exactly the same. 



Figure 12.2c adds a capacitor. The first posi ve voltage charges the capacitor to (V – 0.7). When the source drops 
and below the capacitor voltage, the load current comes from the capacitor’s stored charge. As the capacitor 
discharges, its voltage decays slowly with a me constant equal to R (ohms) x C (farads). (See Chapter 7.) Because 
the capacitor smooths the signal, it is called a filter capacitor. The voltage decay is will be higher for longer mes 
(lower frequencies). 

Full-waveÊrec fier – Figure 12.3. This circuit uses four diodes to provide conduc on for both posi ve and nega ve 
inputs. Referring to 12.3a, D1 and D4 conduct on the posi ve half-cycle, D2 and D3 on the nega ve. In both cas-
es, the top end of R is posi ve. The advantage is, the output is smoother. With the filter capacitor, charge occurs 
twice per cycle so the voltage drop is only about half as much. The figure also shows how the output would look 
without the filter capacitor. 

A disadvantage is, there now are two diode voltage drops (1.4 V) instead of one (0.7 V). A second is, you cannot 
directly connect the source and output voltages together. Figure 12.3b is the same circuit, just drawn differently. 
This is how a full-wave rec fier (bridge) o en is drawn. Many diode manufacturers sell full-wave diode bridges – 
four diodes in one enclosure – as components. 

Figure 12.3. Full-wave rec fier. 

Figure 12.4. Full-wave rec fier using a center 
tapped transformer. 

Full-waveÊrec fierÊusingÊaÊtransformerÊ– Figure 12.4. 
This circuit needs only two diodes but requires a 
transformer. The transformer’s secondary winding 
must be center tapped: the bo om terminal goes 
posi ve when the top one goes nega ve. Once 
again, this allow the output to go posi ve on both 
half-cycles, and with only one diode voltage drop 
instead of two. Another advantage: the source (the 
tap) and the nega ve output now are connected. 
The center tapped transformer adds cost, though. 

This design usually makes sense only if a transformer is needed anyway, such as for reducing line power to a low-
er voltage. 



Power Diodes 

Diodes come in all kinds of sizes, shapes and power ra ngs. Figure 12.5 shows a variety. 

Figure 12.5. Diodes are available in a variety of shapes and sizes. Parts are shown 
approximately full size. The code numbers refer to the package styles. 

Guess what – size and power ra ng go together! Diodes can get hot. At high currents the voltage drop can be up 
to 1 volt. Remember the power formula: Wa s = Volts x Amps. At 100 amps and 1 volt, a diode gets 100 wa s of 
heat. Try pu ng your hand on a 100 wa  incandescent light bulb a er it’s been on a while. 

In Figure 12.5, the smallest surface mount chips can handle only a frac on of a wa . The large diodes can be 
mounted on heat sinks to carry away many wa s. Some (not shown) can even handle kilowa s, perhaps needing 
fans or water cooling. Diodes are available in many sizes and power ra ngs. 

By the way, the voltage drop decreases as temperature rises, about 2 millivolts (0.002V) per degree Celsius for 
silicon diodes. This effect is used in temperature sensor ICs (not discussed here). 

Small Signal & High Frequency Diodes 

So far we’ve only talked about rec fying power, usually involving low frequencies like 50 or 60 Hz. Diodes also are 
used in circuits that run at radio, TV and microwave frequencies, and beyond. Their needs are different. This 
chapter doesn’t cover those types of circuits, but let’s at least look at some diode basics. 

Figure 12.6. Diodes 
have capacitance. 

Like anything else, real-world diodes aren’t perfect. They have unwanted “components”. 
First, and most important, they have capacitance. Remember, a capacitor is simply two 
conductors separated by an insulator or dielectric. See Figure 12.6. When a diode is re-
verse-biased the junc on area is depleted: it has neither free electrons nor holes. It be-
comes an insulator – a dielectric! What’s more, the width of the deple on area gets wid-
er with higher reverse voltages. There’s also another factor, charge storage, which we 
won’t try to get into here. 

All conductors, including component leads and even the traces on circuit boards, act as small inductors. The 
leads, and the diode itself, also have some resistance. Capacitance and inductance cause unwanted behavior at 
very high frequencies. Resistance is a problem mainly at high currents. 



It’s not our purpose to talk about how diodes are made. For circuit designers, the main thing is to choose the 
right diode for your applica on. There are hundreds or, probably, thousands of different diodes available. Spec 
sheets are available for all. Most distributors have on-line selec on filters. Review the specs before choosing your 
diode. You probably can ignore capacitance and inductance for power applica ons, and resistance for low-power, 
high-frequency circuits. Hopefully, this chapter will help you understand the choices. 
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