Differential Measurements



What is a Differential Measurement? 
We define voltage as the measure of the electrical

potential between two points, so in practice all

voltage measurements are actually differential

measurements. But when we use a scope to display a

voltage waveform, we often overlook the fact that the

signal we are observing "at some point" in a circuit

is actually the voltage difference between that point

& ground. For many measurements the fact that our

voltage is referenced to ground may not be a problem,

but for those voltage measurements where our reference

point is not ground but another voltage or the true

quality of the ground we are using is questionable,

then we must use some method of making a true

differential measurement.

So why can't I use A-B on my scope? 
In many cases you can as long as the measuring device you

are using is able to accurately subtract out (or reject)

the voltage that is common to the one voltage (A) & the

other voltage (B) & only show the true difference. Your

objective is to display the difference between A & B

(differential mode) & not the voltage that is common

(common mode) to both A & B. Unfortunately, using a

scope in A-B mode has a number of serious limitations.

First, both signal A & signal B must be able to

simultaneously fit on the scope's screen, which

immediately limits the maximum sensitivity you can use.

As an example, let's say signal A is a 100 volt sinewave

& signal B is a 99.9 volt sinewave. Assuming your scope

has 10 vertical divisions, the scope would have to be set

to 20 volts/division to keep both A & B on screen. But

the resulting difference voltage between your A & B

sinewaves would only have a magnitude of 100 millivolts

making it very difficult if not impossible to view at 20

volts/division.

Another common problem with A-B measurements is scope

channel & probe accuracy. If the scope & probes have

an accuracy specification of 1%, which is typical, the

magnitude of a 100 volt sine wave could appear to the

scope as 99 volts while a 99.9 volts signal could well

appear to be 100.899 volts. Subtracting these two signals

in A-B mode yields completely erroneous results. A good

differential amplifier can reject voltages common to both

inputs by a common mode rejection ratio (CMRR) better

than 100,000 to 1 while a scope used in A-B mode can

seldom achieve a CMRR better than 100 to 1.

Why shouldn't I just cut the scope's ground & float it? 
The most obvious reason not to "float" your scope

by removing the ground, is a safety issue. Depending

on the magnitude of the common mode voltage this

practice can be extremely hazardous. Other good

reasons not to float your scope are measurement

integrity & circuit loading. A floating scope

presents a very ill defined & unbalanced load to the

circuit under test.

How about my battery-powered scope, it's designed to float? 
Using a battery-powered scope may prove to be

adequate for some non-critical measurements, but the

battery-powered floating scope's nearly infinite CMRR

capability is only achieved at DC. Due to the

limitations caused by the scope's unbalanced input (a

high impedance probe tip & a "ground" clip), a high

quality differential amplifier will readily out

perform the battery-operated (floating) scope by a

factor of 7 to 10 times on measurements where the

common mode signal contains high dv/dt components.

This limitation makes the battery-powered or handheld

scope a very questionable device for making such

critical measurements as the upper gate drive signal

in a switching power supply.

What about using an isolator? 
Properly designed isolators can be made to yield good results 

in differential measurements. When they are optimized to

match a good differential amplifier's drift &

bandwidth performance, they usually cost substantially

more. Isolators also present the circuit under test

with the same unbalanced loading problems as the

battery-powered handheld scope & they suffer the

identical problem in high dv/dt common mode

situations.

There are several low cost active differential probes

on the market, so how about using one of them? Low

cost active differential probes may represent an

adequate solution if your measurement isn't too

demanding or your equipment budget is strictly

limited. Under these circumstances they can certainly

represent a good buy as long as you are aware of their

inherent limitations. This class of differential

measurement device commonly offers divide by 50 as its

highest gain & feature fixed meter lead type probes

for connection to the circuit under test. As a result

their Common Mode Rejection Ratio (CMRR) is strictly

limited above DC & they are typically very

susceptible to ambient magnetic & electrostatic

fields.

If your application requirements demand

interchangeable probe configurations to match a wide

range of voltages or circuit loading considerations

& your common mode signals are other than DC, then a

low cost differential probe may not be the right

solution for you. When your ultimate goal is to have a

high level of confidence in the measurements you make

then even though you may be able to purchase several

low cost differential probes for the cost of one high

performance differential amplifier, even ten low cost

differential probes won't enable you to display what

you upper gate drive is doing!

What can a high performance differential amplifier do for me? 
A good quality, high performance differential

amplifier will include many superior design features

which when combined will offer a measurement package

unequaled by any alternatives. Some of these are: High

Common Mode Rejection Ratio (CMRR). Preamble

differential amplifiers provide over 100,000 to 1

(100 dB) CMRR at DC & superior rejection of high

dv/dt components to easily facilitate power supply

upper gate drive measurements. Wide Common Mode Range.

Preamble differential amplifiers have the industry's

widest common mode range, limited only by the voltage

rating of the probes. Low noise. Their 1855

differential amplifier has a noise specification of

4nV/sq rt. Hz. It is so low that when used to

front-end a spectrum analyzer, you can actually extend

the noise floor while at the same time giving the

analyzer a differential front end. Fast recovery from

overdrive. A Model 1855 differential amplifier

equipped with Preamble Model XC100 differential probes

can directly measure a transistor's saturation

characteristics, in circuit. Gain. Preamble

differential amplifiers Models 1822 & 1855 have

respective maximum gains of 1000 & 10. With their

noise floors, they can provide your scope with very

usable 1uV & 100uV/div sensitivities. 
What is Preamble's unique built-in precision DC offset generator? 
To understand Preamble's unique built-in

precision DC offset generator, think of it as an

extremely accurate position control with a very wide

range. You can literally achieve a trace shift of up

to 1,000 divisions even on any low cost analog or

digital scope. Since Preamble differential amplifiers

have such wide common mode range & can very quickly

recover from overdrive, Preamble's offset generator

can be used to window through any minute point of

interest on very large signals with 5 1/2 digit

resolution, plus you can use it as a 20 bit precision

digital voltmeter to make accurate trace voltage

measurements direct from the display. Even individual

output steps of a DAC can be examined in detail using

Preamble's offset generator.
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analyzers. Preamble Instruments intends its products
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