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A transistor is a semiconductor device 
used to amplify or switch electronic 
signals and electrical power. It is 
composed of semiconductor material 
usually with at least three terminals 
for connection to an external circuit.
In quantities of thousands, millions, 
and even billions, transistors are 
interconnected and embedded into 
tiny chips to create computer memo-
ries, microprocessors, and other 
complex ICs.

To determine which mode a transistor is in, we 
need to look at the voltages on each of the three 
pins, and how they relate to each other.
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Operation Modes

Saturation – The transistor acts like a short 
circuit. Current freely �ows from collector to 
emitter.

Cut-o� – The transistor acts like an open circuit. 
No current �ows from collector to emitter.

Active – The current from collector to emitter is 
proportional to the current �owing into the base.

Reverse-Active – Like active mode, the current 
is proportional to the base current, but it �ows in 
reverse. Current �ows from emitter to collector 
(not, exactly, the purpose transistors were 
designed for).



Applications 1: Switches

A transistor can create the binary on/o� e�ect of a 
switch. 
Here we use an NPN to control a high-power LED:

Our control input �ows into the base, the output is tied 
to the collector, and the emitter is kept at a �xed 
voltage.

While a normal switch would require an actuator to be 
physically �ipped, this switch is controlled by the 
voltage at the base pin. A microcontroller I/O pin, like 
those on an Arduino, can be programmed to go high 
or low to turn the LED on or o�.

When the voltage at the base is greater than the 
transistor’s threshold (Vth), the transistor works as an 
switcher “on”. When the voltage at the base is less than 
the transistor threshold, the transistor works as an 
switcher “o�”.

Applications 2: Ampli�ers

Transistors can turn a low power signal into one of 
higher power.

Three of the most fundamental transistor ampli�ers 
are: common emitter, common collector and 
common base.

Common emitter is one of the more popular 
transistor arrangements. In this circuit the emitter is 
tied to a voltage common to both the base and 
collector (usually ground). The base becomes the 
signal input, and the collector becomes the output.

If we tie the collector pin to a common voltage, use 
the base as an input, and the emitter as an output, 
we have a Common collector.

The common collector doesn’t do any voltage 
ampli�cation. This circuit works as a current ampli�-
er. 

In a Common base ampli�er, the emitter is an input 
and the collector an output. The base is common to 
both.

Common base is like the anti-emitter-follower. It’s a 
decent voltage ampli�er, and current in is about 
equal to current out 

The common emitter circuit is popular for for voltage 
ampli�cation.


