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White Paper: Signal Conditioning
Getting the Most for Your Money

A variety of plant ,process, and instrumentation engineers, along with 
systems integrators, regularly face the difficult task of shopping for signal 
conditioners. 
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A typical accuracy rating is less than ±0.1% of output span. This means that a linear conditioner, 
calibrated with a 1-5V DC output (4V span), has an output within ±4mV form the ideal point (4V span x 
0.001). Moreover, because the accuracy specification should include repeatability and hysteresis, the 
output should always be within ±4mV of the ideal. If accuracy, linearity, and repeatability are specified 
separately, you may have to combine the individual ratings to form a complete accuracy specification.

Figure 1.
Accuracy diagram shows nonlinear signal errors.
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Adjustability (zero/span) 
Conditioners with adjustability can compensate for signal differences, and the ability to do so is usually 
worth the extra cost (typically $100). Adjustability can be accomplished in hardware or software. Some 
applications have no software so it must be available in hardware. In other applications involving 
computers, such as data acquisition and control, it isn't possible or practi-cal to perform all the 
adjustments in software, so hardware flexibility is a must. The capability to trim and calibrate 
hardware allows conditions to change without affecting other devices. In addi-tion, host processors 
don't get burdened, and system accuracy isn't compromised.

Consider the following example. Let's say you are evaluating two signal conditioners. Both feature 
1-5V DC outputs and are accurate to ±0.1%of output span (4mV). One is non-adjustable and accepts a 
0-100% input and has up to a 50%span adjust capability.

After defining your requirements, you decide that the input range you are interested in is 0-50% input. 
The second unit will have no problem calibrating and yielding a full range out-put while keeping the 
±0.1% accuracy rating. The first unit, however, is non-adjustable and will only yield 1-3V DC (2V DC 
span) for 0-50%input. Now, 4mV out of a 2V DC span is 0.2%. Hence, the first unit was not only 
inflexible, but turned out to be twice as inaccurate as the second.
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In the real world, sensors do not necessarily pro-vide convenient endpoint signals (e.g., 0.00 mV 
through 50.0mV), but approximate values such as 6.37mV through 49.8mV. This gives adjustable 
signal conditioners two advantages: they can scale a signal with inconvenient end-points, and optimize 
performance by calibrating out errors due to the sensors and/or the system (e.g., voltage drops, other 
devices, and so on).

Here are a few additional advantages of signal conditioner adjustability:

 As time goes on, components age and drift. The ability to calibrate and maintain a condi-tioner 
increases its useful life.

 An adjustable conditioner also saves a lot of CPU number crunching time if you expect to make 
all adjustments using a software pro-gram. It eliminates the need for additional end point 
calculations. Software programs are convenient for trimming and scaling. However, depending 
on the end points, scaling may introduce significant signal resolution and accuracy.

 The ability to adjust zero and span on the condi-tioner allows conditions to change without 
affect-ing other devices, burdening host processors, and affecting system accuracy.

 Signal conditioner adjustability also reduces device inventory; the more flexible the unit, the less 
need there is to stock unique modules.

Isolation
Isolation in a signal conditioner means not having a direct electrical connection (or low impedance 
path) between two or more points (or circuits). The two primary components used in signal con-
ditioners to provide isolation are transformers and optical couplers. Both devices transmit signals from 
one circuit to the other (via the transfer of magnetic or optical energy), and both have very high 
impedance paths from input to output.

There are two main reasons why you might need isolation: (1) to break up potential ground loops and 
(2), to protect equipment from high voltage surges and spikes (Fig. 2).

The four possible combinations of isolation in signal conditioners include:

 Input:
The input is isolated or floating from the out-put and power with no connection to earth ground, 
and the output and power share the same common. The conditioner can be con-nected to a 
grounded system, and is typically used when bringing signals in from the field to a grounded 
system.

 Output:
The output is floating and the input and power are common with one another. It is used when 
sending signals from a grounded system to the field.

 Three-way (fully):
Input, output, and power are completely iso-lated from one another. Signal conditioners with full 
isolation can interface with three sep-arately grounded systems.

 Power isolation:
Input and output signals are common with one another and isolated from the power common. 
Power or three-way isolators pro-vide protection from power sources grounded differently than 
signal sources. 
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Packaging
Signal conditioners come in a variety of packages including DIN rail, hockey-puck enclosures, gen-eral 
purpose NEMA 1 type enclosures, NEMA 4/12, and 19 in. rack-mountable card cage sys-tems. 
Different applications require different styles of packaging. Low-volume needs tend to require 
standalone enclosures whereas high-vol-ume needs are best met by high density packag-ing (rail 
mount or rack mount). If real estate is a constraint in your system, and packaging styles are a priority, 
then knowing what is available will be to your advantage.

Electrical connections and wiring methods also vary with packaging. In some cases, the effort of 
busing power to multiple standalone units can be drastically minimized by using card cage or plug-in 
backplane systems that bus the power for you. These systems allow the user to bring power to only 
one terminal block and internally bus the power to all associated channels. In addition, they separate 
the electronics form the wiring terminals, and allow the removal or replacement of a module without 
rewiring.

Other forms of packaging lend themselves to a more modular approach. DIN rail packaging, for 
example, is an expandable, optimized way to mount any quantity of signal conditioners that use 
conventional wiring methods. Card cage and backplane systems can be cost effective when most of 
the channels or points are fully utilized. Standalone units are cost effective for low quantity needs; if 
they are designed in a modular fashion, the price per point becomes evenly distributed as quantities 
increase.

Knowing your quantity needs, anticipated growth needs, and available space can help save dollars on 
your signal conditioner purchases. Many manufacturers offer the same signal condi-tioners in a variety 
of packages, so explore all packaging options.

Repairability
As with all purchases, your should consider future requirements and repairability when selecting 
signal conditioners. For example, prod-ucts using insertion technology are easier to repair and 
maintain than potted, disposable sur-face mount packages. Knowing how devices are manufactured 
will help you determine their repairability. If a conditioner can be repaired and maintained rather than 
discarded, you will save a lot of money in years to come.

In summary
The importance of comparing specifications and features before selecting a signal conditioner cannot 
be emphasized enough. Accuracy, adjustability, isolation, SWC, RFI/EMI, packaging, and repairability 
should all be involved in your price vs. performance equation. If you take these specifications too 
lightly, you could pay dearly in time and money in years to come.
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