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ABCs of DMMs

Multimeter features and
functions explained

Digitel multimeters offer e wide selection of features. Choos=
ing the right meter for the job can be chalenging wnless you

Inovr what the

do. This

some of the most common features smd how they can be
used in actal applications,

Introduction

Multimetere. They've been
described as the tape measure
of the new millennium, But what
exactly is a digital multimeter
(DMM) and what can you do with
it? How do you make measure-
ments safely? What features do
you need? What is the easiest
way to get the most out of your
metsr? Which meter is best
suited to the environment you're
waorking in? These and other
questions are answered in this
application note.

Technology is rapidly chang-
ing our world. Electrical and elec-
ironic circuiiry seems to permeate
everything, and continues to get
more complex and smaller in
size. The communication indus-
try booma with cell phones and
pagers, and Internet connections
have put more pressure on the
electronicg technician, Servicing,
repairing, and Installing thig com-
plex aquipment requires diag-
nostic tools that provide accurate
information,

Let’s begin by explaining what
a DMM is. A DMM is simply an
electronle tape measure for malk-
ingy electrical measuramants. It
may have any number of special
features, but mainly a DMM mea-
sures volts, chms, and amperes.

Fluke DMMs are used for
gXamples in this application
note. Other DMMsg may oper-
ate differently or offer different
features from the ones shown
However, this applicelion note
aXplaing common uses and tps
for using most DMMs. In the next
few pages, we will discuss how
to use a DMM to malee maasure-
ments, and how DMMs differ from
one another.

Choosing your DNM

Choosing a DMM for the job
requires not only looking at bagic
specifications, but also looking at
features, functions, and the over-
all value represented by a meter's
design and the care taken in its
production.

Reliability, especially unds?
tough conditions, is maore impor-
tant than ever today. By the
time Fluke DMMz are ready to
be tosged into tool cases, thay've
undergone a rigorous testing and
svaluation prograt.

FLUKE.

Application Note

Uger gafety is a primary con-
sideration in the design of Fluke's
DMMSs. Providing adequate com-
ponent spacing, double insula-
tion, and input protecstion helps
prevent injury and meter damage
when they are used improperly.
Fluke designs its DMMs to the
latest, most demanding safety
gtandards.

Fluke oifers many DMMs with
differant combinations of fea-
tures like Touch Hold? analog bar
graphs, and enhanced resolution,
Accessories for high current and
temperature measurements are
avallable to extend the capabili-
tieg of DMMs.

Some baslcs

Rezolution, digils and counis
Regolution refers to how fine a
measgurement a meter can make.
By knowing the resolution of a
maeter, you can determine if it is
posgible to see a gmall change in
the measured signal. Por exam-
pla, if the DMM has a resolution
of 1 mV on the 4 V range, it iz
possible to see a change of 1 mV
{1161000 of a volt} while reading

You wouldn't buy a ruler
marked in one-inch {[or one-cen-
timeter] segments if you had to
measure down to a quarter inch
{or one millimeter]. A thermom-
eter that measures only in whole
degrees isn’'t much use when
your normal temperature is 88.6
degrees Fahrenheit. You need a
thermometer with one-degree
resolution.

The terms digits and counts
are used to describe & meter's
resolution. DMMs are grouped by
the number of counts or digits

they display.
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A 3'%-digit meter can display
three full digits ranging from O
to 9, and one “half” digit which
displays only & 1 or is left blank.
A 3'%-digit meter will display up
to 1,898 counts of resolution. A
4'—digit meter can display up to
19,999 counts of resolution.

It is more precise to describe
a meter by counts of resolution
than by digits. Today's 3%=digit
meters may have enhanced reso-
lution of up to 3,200, 4,000, or
6,000 counts.

For certain measurements,
3,200-count metera offer better
resolution. Per example, a 1,989=
count meter won't be able to
measure down 10 a tenth of a wolt
if you are measuring 200 volts or
more, However, a 3,200-count
meter will display a tenth of a
volt up to 320 volts, This is the
same resolution as a more expen-
give 20,000-count meter until
you exceed 320 wolts.

Accnracy

Accuracy 18 the largest allowable
emor that will ocour under spe-
cific operating conditions. In othar
words, it is an indication of how
close the DMM's displayed mea-
surement is to the actual value of
the signal heing measured.

Accuracy for & DMM is usually
expressed as a percent of read-
ing. An accuracy of one percent
of reading means that for a dis-
played reading of 100 volts, the
actual value of the voltage could
be anywhara between 89 volts
and 101 valta.

Specifications may also include
a range of digits added to the
basie accuracy specification. This
Indicates how many counts the
digit to the extreme right of the
display may vary. So the preced-
ing accuracy example might be
stated as £ (1 % + 2). Therefore,
for a display reading of 100
voltg, the actual voltage would
be between 98.8 volts and 101.2
volts.

Analog meter specifications
are determined by the error at
full seale, not at the displayed
reading. Typical accuracy for an
analogmeteris t 2% or£ 3%
of full scale. At one-tenth of full

scale, these become 20 percent
or 30 percent of reading. Typi-
cal basic accuracy for a DMM is
between £ (0.7 % + 1}and £
{0.1 % + 1) of reading, or better.
Ohm's lowr

Voltage, current, and resistance
in any electrical circuit can be
calculated by using Ohm's Law,
which states that voltage equals
current times resistance {see Fig-
ure 1). Thus, if any two values in
the formula are known, the third
can be determined.

A DMM makes use of Ohm's
Law to directly meagure and dis-
play either ohms, amps, or volts.
On the following pages, you will
see just how easy itis to use a
DMM to find the answers you
need.

For high accuracy and regolution,
the digital display excels, dis-
playing three or more digits for
each measgurement.

The analog needle display
18 less accurate and has lower
offactive resolution because you
have to estimate values between
the lines.

A bar graph shews changes
and trends in a signal just like an
analoy needle, but is more durable
and less prone to damage.

DC and AC voliage

Measuring voliage

One of the most basic tasks of a
DMM is measuring voltage. A typ-
ical de voltage source ig a battery,
like the one used in your car.

AC voltage is usually created by

a generator. The wall outlets in
your home are common Sources
of ac voltage. Some devices
convert ac to de. For example,
electronic equipment such as
TVs, stereos, VCRs, and comput-
erg that you plug into an ac wall
outlet use devices called rectiflers
to convert the ac vaoltage to a dc
voltage. This dc voltage is what
powers the electronic circuits in
these devices.

Testing for proper supply volt-
age is usually the firgt step when
troubleshooting a circuit. If there
ie no voltage present, or if it is
too high or too low, the volt-
age problem should be corrected
before investigating further,

FLUKE -
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V=AzQ
Where:

V = Vilts
A = Current in Amps
1 = Rewdgtanes In Ohma

Ohm’a Law sxplains tha ralationship betweasn voltage,
current and resistance.

Put your finger over the value you want to find, Multiply
the remaining values if gide-by-side: divide if one iz over
the other. But it really ia much easier just to use your DMM,

Figurs 1.

The waveforms associated
with ac voltages are sither sinu-
goidal (sine waves|, or non-siou-
soidal {sawtooth, square, ripple,
ete.). Quality DMMs digplay the
"rms” (root mean gquare] vatue
of these voltage wavaforms,

The rms value is the effective
or equivalent dc value of the ac
voltage.

Most DMMs are "average
responding,” giving accurate rms
readinges if the ac voltage signal
is a pure sine wave. Average
responding meters are not capa-
ble of ing non-sinuscidal
gigmals accurately. Non-ginugaidal
gignals are accurately measured
uging DMMs designated “true-
rms” up to the DMM’s specified
crest factor. Crest factor is the
ratio of a signal's peak-to-rms
value, It'a 1.414 for a pure gine
wave, but is often much higher
for a rectifier current pulse, for
example. As a result, an average
responding meter will often read
much lower than the actual rma
value.
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A DMM's ability tn measure
ac voltage can be limited by the
frequency of the signal. Most
DMMs can accurately measure ac
voltages with frecquencies from
50 Hz {o 500 Hz, but a DMM's ac
measurement bandwidth may be
hundreds of kilohertz wide. Such
a meter may read a higher value
because it is "seeing” more of a
complex ac signal, DMM accu-
racy specifications for ac voliage
and ac current should state the
frequency range along with the
Tange’s acouracy.

How lo make volinge

Megmrelnenty

1 Select V~ {ac) or V= [dg), a5
desired,

2. Plug the black test prohe into
the COM input jack Plug the
red test probe into the V input
jack.

3. If the DMM has manual rang-
ing only, select the highest
range s0 a8 not to overload the
input.

4, Touch the probe tips o the
circuit across a load or power
source (in paralls] to the
circuit).

5. View the reading, being sure
to note the unit of measure-
ment.

HMote: For dc readings of the cor-
Tect polarity (1], touch the red
test probe to the positive side of
the circuit, and the black probe
to the negative side or circuit
ground. If you reverse the con-
nections, a DMM with autopolar-
ity will merely display a minus
gigm indicating nagative polarity.
With an analog matet, you risk
damaging the meter.
Note: 1/1000V=1mV
1000V =1KkV
High-voltage probes are avail-
able for TV and CRT repair,
where voltages can reach 40 kV
(see Figure 3).
Cautlon: These probes are not
intended for elactrical utility
applications in which high volt-
age is also accompanied by high
energy. Rather, they are intended
for use in low-energy applica-
tions.
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Figure 2, Thrae woltage signals: de, as &ne wave, and Pigura 3. Accepenries, such as Piuks S0K-40 and

non-gmuemidal e sigaal S0E-6 high-woltags probes, extend the voltage
mapgurement range of & MM,
Resistance, continmity 1 the DMM supplies less than
and diodes 0.6 V do test voltage for measur-
B ing resistance, it will be able to
oslsjanes easure the values of resistors that
Resistance is measured in chms e v

are isolated in a circuit by diedes
or semiconductor junctions. This
often allows you to test registors on
a cireuit board without unsoldering
them {see Figure 4).

{£2). Resistance values can vary
greatly, from & few milliohms
{m£2) for contact resistance to bil-
lions of ohms for insulators. Most
DMMs measure down 1o

0.1 Q, and some measure as high
as 300 MQ {300,000,000 chms).
Infinite resistance {open ¢ireuit] is
read as "0L" on the Fluke meter
display, and means the resistance
is greater than the meter can
measure,

Registance measurements must
be made with the circuit power
off — otherwise, the meter or
cireuit could be damaged. Somea
DMMs provide protection in the
ohms mode in case of accidental
contact with voltages. The level
of protection may vary greatly
among different DMM models.

Por accurate, low-registance
measurements, registance in the
test leads must be subtracted
from the total resistance mea-
sured. Typical test lead resistance
is between 0.2 Q and 0.5 Q. If
the resistance in the test leads i8  pigure 4. Por measring resistance in the presence of diadss, DAM
greater than 1 £, the test leads test valtages a7e kept below 0.6 V £0 the semiconductar junctions do
ghould be replaced. not canduct current.
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How io make resisiance

measuremenis:

1.  Tum off powar to the
circuit.

2. Select resistance Q).

3. Plug the black test probe into
the COM input jack Plug the
Ted test probe imto the £2 input

jack.

4, Connect the probe tips across
the component or portion of
the circuit for which you want
to determine resistance.

5. View the reading, being sure
10 note the unit of measurse-
ment — chms {Q}, kilohms
{kQ), or megohms |MQ).

Hote: 1,0000=1kQ

1000000 Q =1MQ

Make sure the powwer is
off before making resistance
measurements.

Coninuily

Continuity is a quick go/no-go

resistance test that distinguishes

between an open and a closed
clrouit.

A DMM with a continuity
heeper allows you to complete
many continuity teste easily and
quickly. The meter beeps when
it detects a closed circuit, so you
don’t have to look at the meter ag
you lest. The level of resistance
Tequired to trigger the beeper
varies from model to model of
DMM.

Diode test

A diode iz like an electronic
switch. It can be turned on if the
voltage is over a certain level,
generally about 0.6 V for a silicon
diode, and it allows current to
flow in one direction.

When checking the condition
of a diode or transistor junction,
an analog VOM not only gives
widely varying readings but
can drive currents up to 50 mA
through the junction. {See Table
1

)-

Some DMMSs have a diode test
mode. This mode measures and
digplays the actual voltage drop
across a junction. A silicon junc-
tion should have a voltage drap
less than 0.7 V when applied
in the forward direction and an
open circuit when applied in the
Teverse direction.

DC and AC carrent : .
A common mistake is to leave
cuzyont the tast leads plugged into the
Current measurements are dif- current input jacks and then
farent from other DMM measure- aitempt a voltage measurement
ments, Current measurements This causes a dirsct short across
taken with the DMM alone the source woltage through a
require placing the meter in low-value resistor inside the
gerleg with the clrcult being mea- DMM, called a current shunt. &
sured. This means opening the high current flows through the
circuit and using the DMM test DMM and if it is not adequately
leads to complete the cirouit. Thie protected, can cause exireme
way all the circuit current flows  damage to both the DMM and
through the DMM's clreuitry. An the circuit, and possible injury to
Indirect method of measuring the oparator. Extremely high fault
current on a DMM can be per- currents can oceur if industrial
formad using a qurent probe. high-voltage circuits are involved
The probe clamps around the {240 V or higher).
outside of the conductor, thus A DMM should therefore have
awvoiding opening the circuit and  current input fuse protection of
connecting the DMM in series. high enough capacity for the
cireuit being measurad. Meters
:‘mg‘"‘" without fuse protection in the
1. Tum off power to the circuit. ~ CiTent nputs should ot be used
2. Cut or unsolder the circuit, cre- S0 gi%h\'renm%ﬂ“glﬁ clrmc:.lts
ating a place where the meter & ac]. Those § nat
probes can he inserted. do use fuges should have a fuse
3. Sslect A~ {ac] ar A= {dg] as with sufficient capacity to clear
desired. a high-energy fault. The voltage
4. Plug the black test probe into 1229 of the meter's fuses should
the COM input jack. Plug the belgrea‘e' than “‘etom’“m“m
red test probe into the amp or I._.m fage you expze(t;t A ﬁ%a%uﬂfée
milliamp input jack, depending EOT eXample. 3 20 8, 250 ¥ it
on the expected value of the ~ 1A¥ ot be abla to clear a fault
reading. inside the meter when the meter
§. Connect the probe tips to the gmmwt ﬁeilotg'
circuit across the break so that 7o Y 1% @ Deesed o
all current will flow through ar ton a 480 V circuit
the DMM {a series connection). Curreni probe accessorias
6. Tum the cireuit power back Sometimes you may have to
on. make a curzent measurement that
7. View the reading, heing sure  exceeds the rating of your DMM
to note the unit of measure- or the situation does not allow
ment. you to open the circuit to mea-
Note: If the test 1oads are sure the current, In thess higher
reversed for a dc measurement, a  SUITeRt _;Pl’lll‘;&“"nhgﬁmcﬂﬂy
- i i over 2 A], where accuracy
Wl S o the dtspley, is not needed, a current probe
is very useful A current probe
clamps around the conductor car-
rying the current, and it converts
the measured value to a level the
meter can handle.
VoM VoM DA
Hange Rl ol 00 Digde Test
Junclion Ceeven| 35 mA-50mA 05mA=-15mA 05mA=-1mA
ez BL-180 20 a-3000 0.225 V- 0,235 ¥V
SRican BL-180 450 02 - 800 2 0.4V-0.6V
Tabls 1.
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There are two basic types of
gurrent probes: current transform-
ery, which are used to measure
ac current only, and Hall-Effect
probes, which are used to mea-
sure ac or dc current.

The output of a current trans-

former is typically | milliamp per

Always make pure tha
power if off baefore cutting
or unsoldering the circuit
and inserting the DMM for
current measurements.
Even small amounts of
current can be dangerous.

Never attempt a voltage
A measurement with the test
probes in the turrent jack,

Meter damage or personal
Injury may result.

amp. A 100 amp value is reduced
to 100 milliamps, which can be
safely measured by most DMMs,
The probe leads are connected to
the *mA" and "COM" input jacks,
and the meter function switch is
set to mA ac.

The output of a Hall-Effect
probe is 1 millivolt per amp, ac or
de. For example, 100 A ac is con-
verted to 100 mV ac. The probe
leads are connected to the "V* and
*COM" jacks. Set the meter func-
tion switch to the "V~ or "mV*
goale, selacting V-~ for ac current
or Ve~ for dc current measure-
ments, The meter displays 1 milli-
wolt for every amp measured

A trenxformer-typs current probe, such es the Fluks
400, acales down the current being measurad. The
DMM dizplaya 1 ma for every amp being messared.

ourrert by d and

The Fluke i1010 Hall-Bffect proba sefaly measures
high-current ac ar de valuas by scaling down the

a0 this roducad

Safety wﬂﬁ?ﬂmmmwﬁ:wm
Muliimeter sufely Figuie 5.
Making measurements safely '
starta with choosing the proper
;e,:l‘i'efgl v‘f‘; n&;g_]}fah%m“ the meter not gn.ly has been 2. Protection withowt <

F degigned to [EC standards, but amtomatic recovery. ]
the meter will be used. Once the 44 J0en independently tested meters will detect an over-
proper meter has het:a[n choSen,  ang meets those standards. [See load conditicn and protect the
you should use It by following Independent Testing sidebar on meter, but will not recover
good megsurement procedures. Page §) until the gperator performs an
Qarefully read the instrument user ;

" operation on the meter, such

manual before uze, paying par- Common simmatfons that lead 2s replacing a fuse
ticular attention to the WARNING fo DM fallore: -
and CAUTION sections. 1. Contact with ac power source  Look for these safely
The International Flectrotechni- while test leads are plugged  feaimres ix « DAIM:
cal Commission ([EC] established into current jacks 1. Fused current inputs
aafety standards for working on 2. Contact with ac power source 2. Use of high-energy fuses
slactrical systama. Make sure you while in resistance mode {600 Vormore]
are using a meter that meets the 3. Exposure to high voltage 3. High-voltage protection in
IEC vategory and voltage rating transients resistance mode
approved for the enviranment 4, Exgesding maximum Input {500 V ar more]
where the measurement ig to be limitations jvoltage and 4. Protection against voltage

made. For instance, if a voltage

current]

transients {6 kV or morej

measurement needs to be made in Typos 5. Safety-designed test leads
an electrical panel with Mo.t DAMM protection with finger guards and
480V, then a meter rated Cat- 1. Protoction with automails shrouded terminals

egory I 600 V or 1000 V should recovery. Some meters have o mdependent safety arganiza-
be used. This means the input circuitry that detscts an over- tion approval/listing
circuitry of the meter has been load condition and protects le.g.. UL or CSA)

designed to withstand voltage the meter until the condition

transients commonly found in this 1 longer exists. After the

environment without hamming the  gyerload is removed, the DMM

user. Choosing a meter with this automatically returns to nor-

reting which also hes a UL, CSA, mal operation. Usually used to

VDE or TUV certification means protect the chmg function from

woltage overloads.
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Safely checkiist Accessorles and gloasary Anwunclator. A symbol that
v Use a meter that moets identifies a selected range or
: DMM accessories ;
acceptad safety standards for One very important raqui t Tunction.
the eavironment in Which - of MM i3 that it con be used  Average respoading DML A

wil be used.
v’ Use a meter with fused current
inputs and be sure to check

with a wide variety of acces-
sorles. Many accessorles are

DMM that accurately measures
sinuaoidal waveforms, while

: ilahle i megssuring non-sinusoidal wave-
the fuses before making cur- Svﬂrs m&éﬂm‘;ﬁeﬁﬁ !;%u; forms with less accuracy.
Tent measurements, : : :
 Inspect test leads for physical usefulness, while making your Count. A number used to specify
damage before making a mea- measurement 1asks easier. a DMM's resolution.
surement. High-voltage probes and cur-  guyyent-shust. A low-value
/ Use the meter to check conti- D! probes scale down high resistor in a DMM for measuring

nuity of the test leads.
+ Use only test leads that have

voltages and currents to a level
the DMM can safely measure.

current. The DMM measures the
voltage drop across the currant

_  Temperature probes convert your i g 2
shrouded connectors and fin 5 0 shunt and, using Ohm’a Law, cal
ger guards. DMM into a handy digital ther-  mylates the value of the ourrent.
v l:'lsa on_ly meters with recessed E-aog:;:ru:remvolﬁ:;: ::nm];i';:_d DM, multimster. An
input jacks. ) quencies. ingtrument that uses a digital
+ Select the proper function and Furthermore. a aslection of display to show the value of a
TEnga fo_I your measqm_ment. test leads, test i)mhes and test meagured signal. DMMs feature
+ Be certain the meter is in good clips can halp you easily connect  Jreater durability, resolution, and
opezating condition. your DMM to the circult, Soft and  18% [Ore accuracy than analog
v Follow all equipment safoty hard canrying cases : your meters,
/ gmm:;iu;rc omnect the "ot PMM and conveniently store your Mom-slnmsoldal wavaform. A
: accessories with your DMM. distorted waveform such as a
fred] test lead first. pulse train, square waves, tri-
+ Dan't work alone. Glossary angular waves, sawtooth wavas
+ Use a meter that has overload HRecwraey. How close the DMM's and spikes (S
protection on the chms func-  displayed measurement is to the i
fion, actual value of the signal being Ronolation, m& degres to which
¥ When measuring current with- measuzed. Expressed as a per- gmall changes in a measyrement
out a current clamp, tum the  centage of reading or as a per- can be displayed.
power off before connecting centage of full scale. mus. The equivalent dc value of
into the cirouit. EAnalog meter. An ingtrument an ac waveform.
v Be aware of high-current and  that yger a needls movement to  Stwmacidal wawvaform. A pure

high-voltage situations and
use the appropriate equip-

display the value of a measured

gine wave without distortion.

: signal The user judges the read- oo pus DAL
ment, such ag high-voltage ing based on the position of the  ¢an acourately me‘:sm%t
e A-OLe: nesdle on a scale. sinusoidal and non-gimusoidal

Matar rotings and capabhilities vary by manufacturar,
Before working with a new meter, be sure to famlliarize

yourself with sll operating and safety procedures for
that metsr contained in the users manual.

waveforms.

Indepondent fexting iw the key to safely
compliance

How can you tell If you're getting a genuine
CAT I or CAT I meter? It's not always easy. it
is possible for a manufacturer to self-certify its
meters ag CAT II or CAT I without any inde-
pendent verification. Beware of wording such as
“Designed to meet specifications...” Designer's
plans are never a substitute for an actual inde—
pendent test. The [EC {International Electro-

technical Commission) develops and proposes
standards, but it is not responsible for enforcing

the standards.

Look for the symbol and listing number of
an independent testing lab such as UL, CSA,
TUV or other recognized approval agency. That
symbol can only be used if the product success-
fully completed testing to the agency’s standard,
which ig based on national/ international stan-
dards. UL 3111, for example, is based on IEC
1010. In an imperfect world, that i the closest
you can come to ensuring that the multimeter
you choose was actually tested for safety.

LISTED
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Special fealures « Autoranging gutomatically
The following spocial foatures selects proper measurement
and functions may make it easief  yange Manual ranging lets you
1o use your DMM, lock into a specific range for
L] Aﬂnumtm ghowr at a glaﬂce Iapahuva measuraments.
:vhl::'; 1ztl;a]mg messwred fuolts; Autopolarity indicates negative
Rt readings with a minua sign,
* Touch Hold® freezes the dis- 30 even i you connect the test
play on stable readings 50 you  1gads in reverse you won't
can se hﬂﬂl hm.m ta.ke a d_amag'e the meter.
Eéeioa{su:emant and view resulis ;hm:ﬂ battery indic ;;T_ .
o—gwi ; akes e information in this applica-
’ i?r::asy tt}csh;:;)e%te:;?als}u?ement tt;1011netmte covers h“i:hdjgituai' mul-
: er functions, such as those
upcleps, found on the Fluke 170 Series
+ Cverload protection prevents DMMs. Fluke also makes a vaziety
damage to both the meter and  of pther DMMs with specialized
the circuit, while protecting the  faatures and functions for a wide
user. range of applications.
« Special high-energy fuses pro=
vide extra protection for user
and meter during current mea=
swrements and overloads.
Fluke. Kesping your world
up and running™>
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