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The difference between a poten-
tiometer and a position sensor 
has narrowed over the years 

and as a result, caused some confu-
sion, especially when trying to deter-
mine and select the most suitable 
component for a given application. 
What distinguishes a given product 
so that it ultimately falls into the po-
tentiometer bin or the position sen-
sor bin?

Evolution of pots in design
Historically, the majority of potenti-
ometers were used as trimmers. With 
the conversion into digital designs, 
these trimmers were replaced by dig-
ital tuning devices that stored their 
final settings electronically. Howev-
er, these same digital circuit designs 
still needed an input to control the 
system. Potentiometers then evolved 
and became the preferred low-cost 
variable-input device. Continual im-
provements in their durability and 
performance made potentiometers 
the most effective solution for input 
and control.

This recent evolution helps ex-
plain why potentiometers, sensors, 
and controls are commonly inter-
changed; but to engineers that fre-
quently work with them, there is a 
substantial difference and the 
terms are not interchangeable.  The 
potentiometer, or “pot,” is the most 
mature of the sensor technologies 
and the one that has migrated into 
a variety of applications. The com-
mon denominators in these appli-
cations are position and achieving 
the most cost effective conversion 
of  position into an electrical out-
put. However, when choosing the 
most appropriate device, the simi-
larities stop there.

Pot vs. sensor
Choosing the right term assists with  

correct component selection
In the past 20 years, designers 

have substantially increased the 
number of performance require-
ments and pots are no longer the 
single technology solution to 
these new durability specifica-
tions. Pots are only one of many 
possible sensor technologies. Since 

their development, pots have been 
highly successful in position feed-
back, trimmer, and control appli-
cations. The reason they have 
been so successful is their inher-
ent simplicity. A pot requires only 
a printed circuit board with resis-
tive ink and a moving contact as-
sembly to generate an output. 

When used as a trimmer, pots 
have no real technology draw-
backs and they remain the domi-
nant trimmer technology.  How-
ever, as performance requirements 
have increased over the years, pots 
can no longer meet all the com-
mon specifications in position 

sensor and control applications.
Today, there are a number of po-

sition-sensing technologies, each 
with its own strength in meeting 
the increasing demands for dura-
bility, accuracy and long life. Figure 
1 provides a brief overview of the 
working principles used in each of 
these technologies.
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POSITION SENSOR TECHNOLOGY TYPES

Technology Working Principle

Hall Effect
A moving magnet creates changes in magnetic field strength that are 
detected by an electromagnetic sensor (typically an ASIC). The raw signal 
is converted into a stable voltage output. Can be either rotary or linear. 

Potentiometer
Variable resistor where an electrical contact moves across conductive 
plastic element. Typically used as a voltage divider. Can be either rotary 
or linear.

Trimmer

Trimmers or “trimpots” are variable resistors (potentiometers) used as 
one-time adjustment components in electronic assemblies that are rarely 
adjusted by the device’s end user. Trimmers are usually mounted directly 
on circuit boards, turned with a small screwdriver, and rated for fewer 
adjustments over their lifetime.

Capacitive
A capacitive sensor measures changes in capacitance between two plates 
(one fixed, one moving) with oscillating electrical current, converting 
these changes in capacitance into a variable (voltage) output.   

Encoders:
�Optical 
(most typical)

Moving a  code disk with light permeable windows allows light to pass 
through to photoelectric  receptors, converting these into optical pulses. 
These digital pulses are used to determine position.  Most often a rotary 
technology. 

Fig. 1. Brief description of the working principles in common position-sensing technologies.

Position Sensors

Technology Potentiometers Hall effect Encoders Capacitive

Need Setting
(Control)

Sensing
(Feedback)

Application Trimmers Panel 
controls

Position
feedback 

 Motor 
control and 

feedback 

Position
feedback

Frequency of 
use Once Often Near-constant movement

Fig. 2. Determining if the application is for “setting or sensing.”
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Finding the proper device
The term “position sensor” is an um-
brella term that includes several tech-
nologies that all sense position. Po-
tentiometers are only one of many 
technologies that sense position by 
converting motion into an electrical 
output. Hall-effect, optical encoders, 
and capacitive sensors are all other 
successful position-sensing technolo-
gies.  Selection of the most appropri-
ate technology is determined largely 
on whether the application requires 
“setting or sensing” (see Fig. 2).

Setting or sensing?
The first step in making this deter-
mination is to ask, specifically, will 
the device be used with frequent 
adjustment(s) or only as a one-time 
setting?

If the application requires fre-
quent movements or adjustments, 
then there are more decisions to 
make.  Does the application involve 
a human interface that drives fre-
quent changes in an electro-me-
chanical system?  If so, this would 

constitute a control application and 
the two most successful control tech-
nologies would be potentiometers 
and contacting encoders.

If the application requires feed-
back on the position of a moving ob-
ject, this would be a classic position 
sensing application where the sen-
sor’s signal is used as an input into a 
control, servo or feedback system.  In 
these cases, the durability require-
ments are typically much higher, of-
ten requiring thousands or millions 
of cycles without losing accuracy. The 
longer the expected life, the more one 
has to select non-contacting technol-
ogies like Hall effect, optical encoders 
or capacitive solutions.

If the need is a simple, one-time 
adjustment then a trimmer is ideally 
suited to meet the requirement.   
These “set-and-forget” devices are 
usually buried deep in the assembly 
and are used for component calibra-
tion or factory final testing/tuning. 
Trimmers have been cost-optimized 
to provide the highest accuracy, and 
smallest package size at the lowest 

possible price. Durability and long 
cycle life are not a consideration.

Selecting applications
All of the position-sensing technolo-
gies shown in Fig. 3 are successful in 
their final applications because they 
achieve the accuracy and durability 
specification for that one design, at 
the lowest possible cost.

Selecting the correct technology for 
each application is driven by  the need 
to “sense” or to “set.” With this decid-
ed, then cost, accuracy and durability 
become the detailed selection criteria.  
With the Hall effect, encoder and ca-
pacitive technologies, you can achieve 
very long life, at the expense of com-
plexity, component count and cost.

Engineers today are highly spe-
cific about their performance needs 
and with the understanding of each 
of these technology benefits, we can 
make more accurate selections with 
each new design.

So, the next time you hear “just 
use a pot,” consider all of the alterna-
tives.  It’s nice to have so many!    ■

Application Selection Table

Trimmers Position Sensors Controls

Typical Technology Potentiometers Potentiometers, Hall effect,  
Magnetoresistive, and encoders    

Potentiometers, Hall effect, and 
encoders

Purpose One-time adjustment Providing electrical feedback in a 
mechanical system

Creating a “demand” signal to 
drive changes in system

Reason for selection Low cost / minimal adjustment 
(low wear)

Frequent changes in position 
requiring longer mechanical life, 
harsh environments  

Frequent need for adjustment, 
smooth or crisp tactile feel to user 
with longer mechanical life

Characteristics 
Adjust once: “set and forget’’.  
Typically done in the factory. Few 
final adjustments once in the  field

Higher accuracy, cost effective 
packaging,  harsher environments

Frequent use of detents to define 
specific positions, such as “click” 
sensation for off position

Application 
example No. 1 Garage door adjustment Ventilation control 

(automobile) 
Power tool motor 

speed control 

Application Examples 
description 

Garage Door Opener
Trimmers mounted on PCB with 
window to allow knob adjust-
ments used for (one time) electric 
garage door force and distance 
adjustment

HVAC Duct
Sensor installed on the air duct 
diverter of a heating or ventilation 
system.  The sensor is attached 
to the diverter (internal valve) as 
this diverter is rotated the sensor 
provides a changing voltage out-
put.  This voltage output is used 
as feedback information to control 
air flow or temperature

Belt Sander
Thumb wheel used for ac motor 
speed control on a hand held belt 
sander

Human interface Rare None Yes, frequent 

Application 
example No. 2

Light sensor 
sensitivity control

Heavy Truck Suspension 
height sensor Temperature Control   

Application 
description

Setting sensitivity to motion on 
light switch

Rotary sensor sensing changes in 
suspension height Temperature control on oven

Human interface Rare None Yes, frequent 

Fig. 3. Application selection.
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