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INTRODUCTION

The Measurement Need

Oscilloscope users often have
to make floating measurements,
where neither point of the mea-
surement is at ground (earth) poten-
tial. Signal “common” may be ele-
vated to hundreds of volts from
earth. In addition, many of these
measurements require the rejection
of high common-mode signals in
order to evaluate low level signals.
Unwanted ground currents can also
add bothersome hum and ground
loops to displays. Too often, these
problems force users into using
dangerous measurement
techniques.

Traditional oscilloscope de-
signs cannot effectively handle
these problems alone. Let's
examine why:

Most oscilloscopes have their
“signal common” terminal con-
nected to the protective grounding
system. The reason for this is that all
signals applied to or supplied from
the oscilloscope must have a com-
mon connection point. This is usu-
ally the oscilloscope chassis, and is
at zero voltage. To stop one input or
output from becoming live when
anotheris connected to a signal, the
common connection point is con-
nected to the oscilloscope’s protec-
tive grounding system. It also
means that, with few exceptions, all
measurements must be made with
respect to earth. This constrains the
ubiquitous oscilloscope (at least in
a single measurement) from being
used to measure potential differ-
ences where neither pointis at earth.
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Most managers are well aware
of the need for safety in the work-
place. In this brochure we review
ten popular methods of making
floating oscilloscope measure-
ments. Four of these methods vio-
late two or more safety engineering
principles. Tektronix strongly dis-
courages these methods.

Floating Scopes: A Definition

“Floating” a scope is the tech-
nigue of defeating the scope'’s pro-
tective grounding system — dis-
connecting “signal common” from
earth — allowing accessible parts
such as chassis, enclosure, and
connectors to assume the potential
of whatever the probe ground lead
is connected to. This is dangerous,
not only from the standpoint of im-
mediately elevated voltages pres-
entonthe scope (a shock hazardto
the operator), but also due to the
cumulative stresses on the scope’s
power transformer insulation. This
stress may cause future dangerous
failures (a shock and fire hazard),
even after returning the oscillo-
scope to proper grounded
operation!

Tektronix recommends only
those measurement techniques that
comply with safety engineering
principles.

Safety Engineering Principles
Tektronix has adopted many
safety principles in the design of its
products. Of particular concern to
making electrical and electronic
measurements are the principles:

e Accessible parts shall not be live,
even in the event of the single
worst-case fault.

e Electronic devices (those devices
employing conduction in a vac-
uum, gas, or semiconductor) shall
not be relied upon for providing
operator protection from electric
shock.

e Products should not develop in-
sidious hazards during proper
operation (aninsidious hazardis a
hazard which can develop so
gradually as to be well established
before becoming apparent).

e The operator shall not need to de-
feat a protective system to make
his measturement.

e No switch shall be placed in series
with the protective grounding
conductor.

Of course, the operator and
employer share in the responsibility
of meeting these principles —
through proper operation and
measurement techniques.

METHODS OF MAKING FLOATING SCOPE MEASUREMENTS
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SOLUTIONS
WHICH MEET SAFETY
PRINCIPLES

Isolation Amplifiers

The isolating amplifier is con-
nected between the signal under
investigation and the oscilloscope.
With respect to the signal, itis all-
insulated, with no accessible con-
ductive parts. The signal is coupled
across an insulating barrier to the
oscilloscope. Use of the isolation
amplifier maintains the usability of
all scope functions.

The Tektronix A6902 Isolator is
an isolation amplifier comprised of
two identical amplifiers, isolated
from each other, isolated from ac-
cessible parts, isolated from the
mains, and isolated from ground. It
is capable of enabling a scope to
measure potentials from £20 mV to
as much as =1500 V. Each signal
“common” lead can be independ-
ently connected to separate volt-
ages upto +or —1500 V. The
AB902 provides measurement
capability of two such signals simul-
taneously, with any dual trace oscil-
loscope.

The A6902 is designed to
meet worldwide safety standards.
These include UL1244, IEC 348,
VDE 0411, BS 4743, and CSA Elec-
trical Bulletin 556B.

A Solution with Protection:
AB902 Isolator.

Indirect Grounding

Safety standards specify indi-
rect grounding as an alternative to
direct grounding. All of the ground-
ing requirements apply, except that
the grounding circuit need not be
completed until such time as the
available voltage or current ex-
ceeds a prescribed amount. This is
one solution to floating that also
provides protection.

The Tektronix A6901 Ground
Isolation Monitor is an indirect
grounding device. Itis connected
between the mains and the oscillo-
scope. When activated, it discon-
nects the scope’s protective
grounding system and monitors the
voltage and current on the isolated
ground. If this voltage exceeds 40
volts peak and a preselected cur-
rent (0.5 ma, 3.5 ma, or 5.0 ma), the
AB901 disconnects the power to the
scope, sounds an audible alarm,
and re-connects the scope’s pro-
tective grounding conductor.

The A6901 can be used with
any grounded oscilloscope. It also
tests ground continuity of the sys-
tem itis operated in and will not
activate if the system ground is in-
adequate. It solves the problems of
defeating the protective ground and
provides the means by which to
make valid measurements with any
oscilloscope.

The A6901 is designed to
meet worldwide safety standards.
These include UL1244, IEC 348,
VDE 0411, BS 4743, and CSA Elec-
trical Bulletin 556B.

A Solution with Protection:
AB901 Ground Isolation Monitor.



Differential Techniques: Quasi
and True Differential

The most popular solution to
the need for a “floating” measure-
ment is the A minus B quasi-differ-
ential technique. Most general pur-
pose dual trace scopes have an
ADD Mode where the two channels
(invert CH 2) can be electrically
subtracted, giving a display of the
difference signal. Higher voltage
probes such as the P6009, (1500 V,
100X) are used, but limit minimum
sensitivities to .05 V/Div to 1 V/Div.
This can be a problem when at-
tempting to examine low level con-
trol signals in the presence of high
common-mode voltages. Also, the
common-mode dynamic range is
severely limited (=6 divisions be-
yond screen height) and CMRR is
low, approximately 40 db.

A Solution with Protection:
465B Oscilloscope.

True differential solutions are
amplifiers specifically designed to
have good rejection of the com-
mon-mode signal and display only
the difference signal. Because
these amplifiers are, basically, two
ground-referenced amplifiers, they
have limited “floating” or common-
mode capability. Furthermore,
their ability to display a small signal
in the presence of a large
common-mode signal changes as a
function of the absolute magnitude
ofthe common-mode signal, as well
as the ratio of the common-mode
signal to the difference signal. And,
there are bandwidth limitations. The
Tektronix 7A13 provides 500 V of
common-mode dynamic range at
0.1V/Div with a CMRR of at least
60 db and a bandwidth up to
105 MHz.

A Solution with Protection
7A13 Differential Comparator

ALL-Insulated Oscilloscopes

The all-insulated oscilloscope
has no accessible conductive
parts. Allaccessible parts are made
of insulating material. No protective
system is defeated to make the
measurement.

The all-insulated scope pro-
vides true isolation from both the
mains and the “signal common.” Itis
not grounded but does not suffer
the problems of being “floated.” It is
not a differential amplifier and there-
fore does not suffer previously men-
tioned performance problems. But,
it cannot be interconnected with
other equipment because its inter-
nal common is at the elevated po-
tential of whatever the probe ground
lead is connected to.

The Tektronix 200-Series
Oscilloscopes are all-insulated
scopes. They are rated to 250 V with
respect to their mains insulation,
and 700 V Peak with respect to the
signal being measured (when op-
erated on internal batteries). The
200-Series Scopes offer 3 x5 cm
display and bandwidths up to
5 MHz, with sweep speeds to
100 ns/Div. These scopes are espe-
cially suitable for power supply and
mechanical measurement
applications.

A Solution with Protection: 221
Miniscope

Grounded Oscilloscopes

A grounded oscilloscope is
capable of making floating mea-
surements by making two separate
measurements, recording them,
and subtracting the common-mode
signal. This requires an oscillo-
scope system capable of waveform
processing such as the Tektronix
7854.The 7854 is capable of digitiz-
ing and storing the two waveforms
and subtracting the common-mode
signal mathematically. The 7854 is a

highly sophisticated scope with
microprocessor-based waveform
processing capability. The 7854 is
especially suitable for those floating
measurement applications that jus-
tify a substantial instrumentation
investment.

A Solution with Protection
7854 Oscilloscope

Integrated Circuit Amplifiers

Some products purported to
be “isolators” are nothing more than
limited-performance IC differential
amplifiers. They not only suffer from
the same problems of all differential
amplifiers (limited dynamic range
and ability to display small differ-
ence signals in the presence of
large common-mode signals), they
also suffer from lack of control and
versatility. Impressive performance
specifications disappear when
probes, attenuators, power supply,
and display connections are con-
sidered.

Isolation Amplifiers, Indirect
Grounding devices, Differential
Techniques, ALL-Insulated Oscillo-
scopes, or Grounded Oscillo-
scopes are Solutions with
Protection.
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METHODS WHICH
VIOLATE SAFETY
PRINCIPLES

Isolation Transformers

Isolation transformers some-
times are employed between the
mains and the oscilloscope to
enable “floating” the scope. To do
this, the scope’s protective ground-
ing system is defeated resulting in
violation of one safety principle: ac-
cessible parts are live due to the
potential to which the signal com-
mon lead is connected.

The isolation transformer can
provide some degree of protection
inthe event of a scope’s mains insu-
lation failure — assuming the “iso-
lated” mains does not have ground
reference. If the transformer does
not have a secondary ground refer-
ence, then a single insulation failure
in the scope will not result in a haz-
ard — even though it is insidious.

If the “isolated” main is
ground-referenced (grounded neu-
tral or grounded center-tap) then no
protection is provided.

Interestingly, during “floating,”
the insulations of both the isolation
transformer and the oscilloscope’s
mains transformers are subjected to
a voltage stress that is the sum of
the mains voltage plus the “signal
common” or floating voltage. This is
because the two primary windings
form a capacitive voltage divider
between the “floating” chassis to
the scope’s primary to the isolation
transformer’s primary. This voltage
is extra— over and above the mains
rating. Thus, the mains insulation
system is stressed and therefore
subject to early failure or break-
down. If the mains insulation does
break down and the scope is not
grounded, then an insidious hazard
exists where the chassis will be live
and the operator has no indication
of a problem. If grounded, smoke
and fire may be the result. Using an
isolating transformer to make a
scope “safe” to float, is a futile ges-
ture and provides a false sense of
security.

O This Solution Lacks Protection.

Double Insulated Mains

Some measuring equipment
safety standards allow double insu-
lation of the mains circuits in lieu of
grounding (2-wire mains in lieu of
2-wire mains with earth connec-
tion). Ordinarily, double insulation
provides protection equivalent to
grounding. This is not true for
measuring equipment, since
measuring equipment has a sec-
ond source of hazardous potentials
— the circuit under test! Equal pro-
tection must be provided from all
hazardous circuits, not just the
mains circuits.

Ungrounded scopes are
available where protection from the
mains is provided by double insula-
tion, but where the “signal common”
remains connected to the chassis
enclosure and connectors. With re-
specttothe signal being measured,
these designs are the equivalent of
defeating the protective grounding
system.

Incidentally, unlike indirect
grounding solutions that complete
the protective grounding circuit
when excessive voltage or currents
are applied, this solution gives no
warning to the operator that
dangerous voltages and currents
are present on the scope chassis.

O This Solution Lacks Protection.

Isolating Circuits

Some users, and at least one
scope manufacturer, have placed
semiconductor devices (back-to-
back parallel rectifiers or zener di-
odes) in series with the protective
grounding conductor. The purpose
isto limitthe excursion of voltage on
accessible parts to a “safe” level.
One scope has a switch in parallel
with the semiconductors to restore
the ground when isolation is not
required.

Unfortunately, these tech-
niques violate two safety principles
and lead to another insidious
hazard.

Most safety standards as-
sume failure of semiconductors.
Should a diode fail, there is no indi-
cation to the operator and an insidi-
ous hazard exists.

Also, safety standards com-
monly specify no switch in the pro-
tective grounding conductor; a
switch defeats the protective
grounding system just as cutting off
the ground prong of the mains plug.

O This Solution Lacks Protection.

Defeating Grounds

Operators often defeat a
scope'’s protective grounding sys-
tem by cutting off the ground prong
or by using a 3-to-2 wire adapter.
This technique allows the scope
chassis, enclosure, and connectors
to assume the potential of whatever
the probe ground lead is connected
to.

The only protection for both
the operator and nearby persons
where ascope is being floated, is to
maintain distance and avoid simul-
taneously touching the scope and
earth. Some safety officers require
the work area to be roped off, a
warning to be posted, and an ob-
server to maintain surveillance on
the operator. Some enforcement
agencies accept these precautions
under the heading of “reasonable
caution” and choose not to cite vio-
lators. Although these precautions
are laudatory, we have described
earlier the dangers, often insidious
dangers, inherent in “floating” oscil-
loscopes by defeating their protec-
tive grounding systems.

The operator and his employer
voluntarily accept the responsibility
for protection once the scope’s
protection system is deliberately
defeated.

O This Solution Lacks Protection.



TWO SOLUTIONS WITH

PROTECTION FOR FLOATING

ANY OSCILLOSCOPE

The A6901 Ground Isolation
Monitor

The A6901 Ground Isolation
Monitor is an indirect grounding de-
vice which isolates an equipment’s
protective grounding system,
monitors voltage and current on the
isolated system, and, when the
voltage or current exceeds pre-
determined levels, interrupts all
poles of the supply, sounds an
alarm, and connects the isolated
ground to the protective grounding
conductor.

In addition, the A6901 tests the
ground continuity of the system
which it is intended to operate in,
and, if the impedance of the protec-
tive grounding connector exceeds
five ohms, the A6901 will not
activate.

A6902 Isolator

The AB902 Isolator is an isola-
tion amplifier, a dual trace DC-15
MHz optical and transformer-
coupled voltage isolator capable of
making low level signal measure-
ments in the presence of up to
+1500 VDC + PK AC common-
mode voltage. The Isolator allows
any test instrument to perform float-
ing measurements while safely
grounded. No hazardous voltages
are accessible by the operator be-
yond the point of the probe connec-
tion at the circuit under test.

We have outlined ten popular
methods for making floating oscillo-
scope measurements, four of which
should be discontinued in favor of
the half-dozen that meet all the
basic Safety Principles outlined
earlier.

Tektronix has reviewed these
methods in an effort to increase

user awareness regarding the po-
tential dangers inherent in the im-
proper operation of oscilloscopes.

Our commitment to Test and
Measurement Product Safety has
resulted in the two new Isolator
products mentioned earlier. If you
feel your applications would be bet-
ter served by either or both of these
products, please contact your
nearest Tektronix representative
listed on the back cover of this
brochure.
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ALABAMA

Huntsville

Phone: (205) 881-2912

ARIZONA

Phoenix

Phone: (602) 268-8861

CALIFORNIA

(Concord)

Pleasant Hills

Phone: (415) 9324949
(415) 9324

From Oakland: 4415) 254.5353

Irvine

Phone: (714) 556-8080-89
(213) 7785225, 26

{Los Ai elas)

Woodi :20 Hi

Phone (213) 999 1711

San

Phone‘ (71 4) 292-7330
Santa Clara

Phone: (408) 496-0800
COLORADO
(Denver)

Englewood
Phone: (303) 773-1011

CONNECTICUT
Milford
Phone: (203) 877-1494

FLORIDA

Fort Lau

Phone: (305) 731 1220

Also serves Puerto Rico and
U.S. Virgin Islands

From Miami: 947-6053

Orlando

Phone: (305) 894-3911

From the Cape Kennedy Area:
636-0343

Pensacola
Phone: (904) 476-1897

GEORGIA

(Atlanta)

Norcross

Phone: (404) 449-4770
HAWAII

Honolulu Service Center

EMC Corporation
Phone: (808) 847-1138

ILLINOIS
(Chicaga)
""9

Phone (313) s587580

INDIANA
Indianapolis
Phone: (317) 545-2351

KANSAS

(Kansas City)
Overland Pa

Phone: (913) 341-3344

LOUISIANA
(New Orleans)
Kenner

Phone: (504) 466-4445
MARYLAND
(Baitimore)

Lutherville
Phone (GOH 321-7000

Phcne (301» 948.7151
MASSACHUSETTS

(Boslon)
Lexing
Phone (617\ 861-6800

MICHIGAN
(Detroit)

Farmington

Phone: (313) 4785200

MINNESOTA
St. Paul
Phone: (612) 484-8571

MISSOURI

(St. Louis)
Hazelwood

Phone: (314) 731-4696

NEW JERSEY

Wuodbr!gge

Phone: (201) 636-8616

NEW MEXICO

Albuquerque

Phone: (505) 265-5541

NEW YORK

(Albany)

Albany

Phone: (518) 458-7291

(Long Island)

Wo:g ury, LI

Phone: (516) 364-9060
(212) 8959215

Poughkeepsie

Phone: (914) 454-7540

Rochester

Phone: (716) 424-5800

(Syracuse)

North Syracuse

y!
Phone: (315) 455-6661
From New York: (800) 962-1095

NORTH CAROLINA
Raleigh

Phone: (919) 782-5624
OHIO

Mlddlebur%
Phone: ) 24! 8500

Dayton
Phone: (513) 859-3681

OKLAHOMA
Oklahoma City
Phone: (405) 848-3361

OREGON
Portland
Phone: (503) 620-9100

Factory Service Center
Tektronix Industrial Park
Beaverton

Phone: (503) 644-0161
(800) 547-6711

Oregon only (800) 4526773

PENNSYLVANIA
(Philadelphia)

ue Bel
Phone: (215} 8256400

Pittsburg
Phone: (412; 244.9800

TENNESSEE
Knoxville
Phone: (615) 690-6422

TEXAS
Dallas
Phone: (214) 233-7791

Houston
Phone: (713) 933-3000
San Anton
Phone: (5\2) 434-4334

UTAH
Salt Lake City
Phone: (801) 486-1091

VIRGINIA
Hamj
Phone (804) 8740099

WASHINGTON
Kent
Phone: (206) 575-0180

TEKTRONIX WORLDWIDE
MARKETING CENTERS

US.A.
Tektronix, Inc.
U.S. Marketing
Beaverton, Oregon
Phone: (503) 644-0161
(800) 547-6711
Oregon only (800) 452:6773

AFRICA, EUROPE, MIDDLE EAST

Tektronix International Inc.
European Marketing Centre
Amstelveen, The Netherlands

AMERICAS/PACIFIC
(Asia, Australia, Central &
South America, Japan)
Tektronix, Inc.

Export Marketing
Beaverton, Oregon
Phone: (503) 644-0161
(800) 547-6711
Oregon only (800) 4526773

Tektronix
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