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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. Members of the committees
serve voluntarily and without compensation. They are not necessarily members of the Institute. The stan-
dards developed within IEEE represent a consensus of the broad expertise on the subject within the Institute
as well as those activities outside of IEEE that have expressed an interest in participating in the development
of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard. Every IEEE Standard is subjected to review at least every five years for
revision or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is
reasonable to conclude that its contents, although still of some value, do not wholly reflect the present state
of the art. Users are cautioned to check to determine that they have the latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership
affiliation with IEEE. Suggestions for changes in documents should be in the form of a proposed change of
text, together with appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they
relate to specific applications. When the need for interpretations is brought to the attention of IEEE, the
Institute will initiate action to prepare appropriate responses. Since IEEE Standards represent a consensus of
all concerned interests, it is important to ensure that any interpretation has also received the concurrence of a
balance of interests. For this reason, IEEE and the members of its societies and Standards Coordinating
Committees are not able to provide an instant response to interpretation requests except in those cases where
the matter has previously received formal consideration.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

P.O.Box 1331

Piscataway, NJ 08855-1331

USA

Note: Attention is called to the possibility that implementation of this standard may
require use of subject matter covered by patent rights. By publication of this standard,
no position is taken with respect to the existence or validity of any patent rights in
connection therewith. The IEEE shall not be responsible for identifying patents for
which a license may be required by an IEEE standard or for conducting inquiries into
the legal validity or scope of those patents that are brought to its attention.

The IEEE and its designees are the sole entities that may authorize the use of IEEE-owned certification
marks and/or trademarks to indicate compliance with the materials set forth herein.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the
Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright
Clearance Center. To arrange for payment of licensing fee, please contact Copyright Clearance Center,
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; (978) 750-8400. Permission to photo-
copy portions of any individual standard for educational classroom use can also be obtained through the
Copyright Clearance Center.
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Introduction

(This introduction is not a part of IEEE Std 111-2000, IEEE Standard for Wide-Band (Greater Than 1 Decade)
Transformers.)

This standard is intended to provide a common ground for understanding between systems engineers and
transformer design engineers. Little published data on transformers is directly useful to engineers designing
systems involving feedback loops. Phase and frequency response data are needed on transformers (and other
components) used in these systems. It is the hope that this standard will eventually influence transformer
manufacturers to include such information in their published data on wide-band frequency transformers.

This standard is a combination of two original standards: IEEE Std 111-1971 and IEEE Std 264-1977. Both
of these standards were first issued as trial-use documents in 1962 and 1965, respectively. These trial use
documents were prepared under the chairmanship of A.D. Hasley and J.P. Whistler, respectively.

At the time this standard was approved, the frequency range subcommittee of the Electronics Transformers
Technical Committee of the IEEE Power Electronics Society had the following members:

J. DeCramer, Chair
J. S. Andresen B. D. Goethe J. Silgailis
R. Beers P. K. Goethe J. Tardy
E.D. Belanger* R.R. Grant B. D. Thrackwray
R.P. Carey N.R. Grossner* M. Wilkowski
C.J. Elliott H.E. Lee R. Wozniak
H. Fickenscher D. N. Ratliff H. Yarpezeshkan
R.L. Sell
*Deceased

When the Electronics Transformer Technical Committee balloted and approved this standard, the member-
ship was as follows:

J. DeCramer, Chair
J. S. Andresen P. K. Goethe A. Lotfi
R. Beers R.R. Grant G. Skutt
C.J. Elliott R. Hasegawa B. D. Thackwray
B. D. Goethe M. Wilkowski
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When the IEEE-SA Standards Board approved this standard on 8 March 2000, it had the following

membership:

Donald N. Heirman, Chair

James T. Carlo, Vice Chair

Judith Gorman, Secretary
Satish K. Aggarwal James H. Gurney James W. Moore
Mark D. Bowman Richard J. Holleman Robert F. Munzner
Gary R. Engmann Lowell G. Johnson Ronald C. Petersen
Harold E. Epstein Robert J. Kennelly Gerald H. Peterson
H. Landis Floyd Joseph L. Koepfinger* John B. Posey
Jay Forster* Peter H. Lips Gary S. Robinson
Howard M. Frazier L. Bruce McClung Akio Tojo
Ruben D. Garzon Daleep C. Mohla Donald W. Zipse

*Member Emeritus

Also included is the following nonvoting IEEE-SA Standards Board liaison:

Alan Cookson, NIST Representative
Donald R. Volzka, TAB Representative

Andrew D. Ickowicz
IEEE Standards Project Editor
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IEEE Standard for Wide-Band (Greater
Than 1 Decade) Transformers

1. Scope

1.1 General

This standard pertains to electronics wide-band transformers transmitting power within a wide band of
frequencies covering typically at least one decade in the frequency spectrum. It is not intended to apply to
transformers optimized to operate within a narrow band of frequencies. Transformers used in, or in conjunc-
tion with, wire line communication facilities serving power stations are excluded due to the special protec-
tion requirements involved. Provision is made for including data for use in the design of feedback amplifiers
and control networks, or other circuits in which the knowledge of the transformer amplitude and phase-
frequency response is needed by the system designer. These transformers are required to transform voltage
within specified tolerances of amplitude and phase when operating between specified impedances. Guides to
application and test procedures are included. The annexes within this standard contain certain precautions
and recommended practices.

This standard also pertains to hybrid transformers, primarily used in the telecommunications industry. The
hybrid transformer is a wide-band transformer used in a manner which makes it part of a capacitance, resis-
tance, and/or inductance network, and it must have characteristics which permit it to match the network for
proper overall performance.

1.2 Typical types of transformers to which this standard applies
1.2.1 Audio frequency transformers

Audio frequency transformers may cover a limited frequency range such as that used in voice communica-
tions, or may cover a part or all of the frequencies from 5 Hz to 100 000 Hz when used in high fidelity or
similar amplifiers. Voltages or signals correspond directly to speech or music amplitude and phase variations
within this range of frequencies. Performance characteristics one or more octaves beyond the specified range
may be of interest and specified. Feedback and other windings or taps may be incorporated in the design.
The mode or class of amplifier operation (i.e., Class A, B, AB, etc.) must be recognized and taken into
consideration.
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1.2.2 Transducer service transformers

Transducer service transformers are stepdown ratio transformers having one or more secondary windings
with or without center taps. The load impedance may be permitted to vary with frequency or with other
parameters, but the transformer performance is generally based on a specific load impedance.

1.2.3 Random noise transformers

Random noise transformers are used in vibration machine applications. They are subject to random signals
of varying amplitude and duration. Response may be expressed in terms of the frequency spectrum but the
amplitude variation allowable over the relevant frequency range is much greater than for audio-frequency
transformers because of the Gaussian distribution of random noise. Random noise transformers are often
included in feedback loops. When included in such a loop, their amplitude and phase response is of interest
and all of the problems listed in 9.3 must be solved in addition to producing a transformer capable of
handling the amplitude of random noise.

1.2.4 Modulation transformers

Modulation transformers are used in amplitude-modulated transmitters and may employ a modulation
inductor to bypass the final amplifier supply current.

The transformer is used in a manner which makes it part of a capacitance, resistance, and inductance net-
work, and it must have characteristics which permit it to match the network for proper overall performance.
Phase angle, frequency response, and impedances are important measurements and are required to be made
in the actual or substitute network with the major elements in place to establish performance. Modulation
transformers are usually designed for specific applications and large units are not considered suitable for
general purpose use.

1.2.5 Driver transformers

Driver transformers are used to supply power to the control elements of Class AB, and Class B, amplifier
tubes and transistors.

1.2.6 Line-matching transformers

Line-matching transformers are used where power is received at one impedance level and delivered at
another.

1.2.7 Load-matching autotransformers

Load-matching autotransformers are used where power is received at one impedance level and provides out-
put tabs at various impedances, and vice versa.

1.2.8 Control-system transformers

Control-system transformers are used in open- or closed-loop (feedback) control systems. The transformers
used in the closed-loop system are subject to signals of a definite carrier frequency, modulated in accordance
with error signals imposed by the control system requirements. The response of these transformers to control
signals may be expressed either in terms of frequency and phase or in Laplace terms. In this standard, the
phase and amplitude frequency response terms are used.
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1.2.9 Ultrasonic frequency transformers

Ultrasonic frequency transformers are used in various communications and industrial applications in which
the lowest frequency is higher than 10 kHz.

1.2.10 Carrier frequency transformers

Carrier frequency transformers transmit signals of specified frequency which are modulated or varied in
amplitude, phase, or frequency.

1.2.11 Video frequency transformers
Video frequency transformers are characterized by an exceptional wide-band transmission characteristic
over part or all of the range from 10 Hz to 10 Mhz for composite video, or 50 Mhz to 750 Mhz for commer-

cial television applications.

Operated from solid-state power source devices. The use of Class AB, or Class B, current operation and
their effect in the secondary winding must be recognized.

1.2.12 Single-core hybrid transformers

For single-core hybrid transformers, the hybrid function is provided by a single transformer in conjunction
with external circuit elements.

1.2.13 Two-core hybrid transformers

For two-core hybrid transformers, the hybrid function requires two identical or essentially similar transform-
ers in conjunction with external circuits.

NOTE: When inductors (reactors) are used in wide-band circuits, the required degree of linearity and self-resonance
must be specified.

2. References
IEEE Std 389-1996, IEEE Recommended Practice for Testing Electronics Transformers and Inductors.

IEEE Std C57.98-1993, IEEE Guide for Transformer Impulse Tests.

3. Definitions

Electrical terms used in this standard shall be in accordance with those given in The Authoritative Dictionary
of IEEE Standards Terms [B5].

3.1 conjugate branches (ports): Any two branches (ports) of a network such that a driving force impressed
in either branch (port) produces little or no response in the other.

NOTE—In Figure 25, Z0 and Z3 are conjugate branches (ports) and Z1 and Z2 are likewise.

3.2 hybrid balance: The degrees of impedance balance between impedance Z1 and Z2 connected to two
conjugate ports of a hybrid transformer (see Figure 25). Hybrid balance is measured as a return loss using
one of the remaining two ports of the hybrid transformer as the sending end and the other as the receiving
end. With reference return loss set to zero for Z1=0 or Z2= 0, the measure of hybrid balance is given by:
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20log10 ((Z2+Z1)/(Z2-Z1)).

3.3 hybrid transformer: A transformer or transformer network with four distinct pairs of terminals
designed to provide a means of achieving a balanced bridge condition so that transmission can take place
between certain pairs of terminals while isolation is maintained between others.

3.4 trans-hybrid loss: The power delivered from one port of a hybrid transformer to its conjugate port is
measured under two conditions:

Condition 1: When one of the other two ports is open-circuited.

Condition 2: When all ports are terminated in their proper impedances.

The ratio of the two powers, usually expressed in db, is defined as trans-hybrid loss.

4. Symbols
Symbol Term denoted
a transformer ratio
A,B,C,D bridge corner designations
Ca.Cp capacitance connected to bridge corners A and D, respectively
CaB capacitance connected between bridge corners A and B
Cp distributed capacitance of primary winding
Cq distributed capacitance of secondary winding
Cin effective parallel capacitance
e variable ac potential source
Ep output potential
E, input potential
f frequency
f low-frequency 1 dB point
b high-frequency 1 dB point
fo m (mid-band frequency)
GaB conductance connected between bridge corners A and B
Ggh conductance, 1/Rg,
k coefficient of coupling
L;,Ly;, Ly leakage inductances
Ly self-inductance; primary
Ly, self-inductance; secondary
Ly mutual inductance; inductance common to primary and secondary
Ly, shunt or parallel inductance
Loy series inductance
NN, primary turns
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Symbol Term denoted
Ny, Ny secondary turns
0 quality factor
P reflection coefficient
S seconds
R, core loss resistance
R, primary winding resistance
R, secondary winding resistance
R|,Ry,R3,Ry terminating resistance
Rp,Rp resistance connected to bridge corners A and B, respectively
Rap, Rags Rpc resistance connected between bridge corners A and D, A and B, B and C, respectively
R;, Ry, Ry leakage resistances
Ry load resistance
Rg source resistance
Ry, shunt or parallel resistance
Rger series resistance
t temperature of winding, hot
t reference temperature
t temperature of winding, ambient
Xer series reactance
Xn shunt or parallel reactance (2pLyy,)
Yio open-circuit admittance; primary side
Y50 open-circuit admittance; secondary side
Yig short-circuit admittance; primary side
Yrg short-circuit admittance; secondary side
Z load impedance
Zg source impedance
Zo standard source impedance
Zio open circuit impedance, primary side
20 open-circuit impedance; secondary side
Zis short-circuit impedance; primary side
Zyg short-circuit impedance; secondary side
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5. Performance tests

The electrical tests listed here shall be performed according to IEEE Std 389- 19961, unless otherwise stated.

5.1 Electrical tests (not recorded)

The following electrical tests should be made on all transformers, where practicable. The transformer termi-
nals nominally grounded in service should be grounded during these tests, or connected as otherwise
required or noted in the test description. The results of these need not be recorded.

5.1.1 Ratio of transformation (turns ratio)
5.1.2 Polarity
5.1.3 Electric strength tests

1) Transformer windings operating above 25 peak working volts (PWV) should have a test voltage
equal to 1000 V plus 1.5 times the PWV applied between each winding and each other winding,
and the core and the case (if the case is meant to be isolated from the core).

2) For the transformer windings with PWV 25 V and below, the test applied should be 500 V rms
at 60 Hz or an equivalent test.

3) Test voltages should be increased gradually (at the rate of 2 kV per second maximum) from
zero to the specified value, maintained for a period of 1 min, unless otherwise specified, and
decreased to zero at the same rate.

4) The connection for windings not under test should be specified so that unwarranted stresses
will not occur during the electrical strength tests. Windings with relatively low working
voltages to ground should be grounded during the test of other windings to prevent the lower
voltage insulation from being damaged through capacitive coupling.

The transformer or inductor windings, internally or externally grounded, or operated at direct voltages to
ground and having one terminal grounded through a capacitor network, should be tested by induced voltage
methods or a combination of the direct voltage strength test on the terminals to which direct voltage is
directly applied together with the induced voltage, as applicable, instead of the standard electric strength
test.

5.1.4 Induced voltage

An induced-voltage test is made at twice the maximum rated voltage, using a frequency of twice (or higher)
the minimum rated frequency as agreed. In addition to this test, twice the rated direct voltage should be
applied simultaneously for 1 min, or 7200 cycles, to the terminals normally connected to the direct voltage.
This test should be performed as follows: the direct voltage (twice normal) should be first applied; then, by
means of exciting a suitable winding, the alternating voltage should be increased from zero to twice normal
overalSs intervalz, held for 60 s, and then decreased to zero over a 5 s interval. The input current should be
monitored during the whole period. The normal voltage excitation current or loss should not have changed as
a result of the test. During the test, all windings should be connected in the normal voltage relationship to
each other and to ground.

For transformers not normally associated with direct-current stresses, an induced voltage of twice the operat-
ing alternating voltage at a frequency at least equal to three times the frequency of the low frequency 1 dB
point should be applied to any convenient winding for a period of at least 10 s.

"nformation on references can be found in Clause 2.
2Minimum time, longer as required by 5.1.3, item (3).
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5.1.5 Repeated electric strength testing

Since the application of test voltages may impair the strength of the transformer insulation, any test made per
5.1.3 and 5.1.4 should, if repeated, be made at not more than 80% of the specified test voltage and for the
same interval, or for less time, if specified.

5.1.6 Corona tests

When specified the transformer shall be free from corona’ at the test level and at altitude conditions speci-
fied. (Normally corona tests are specified at test levels above 1000 V rms.)

1) Windings having an induced peak voltage equal to or less than 25% of the PWYV for either end
terminal (relatively low-voltage windings operating at a high potential above ground) shall be
tested for corona with 130% of maximum operating voltage applied between windings and
core. Terminals of windings tested should be shorted together. (Both operating and test voltages
are assumed to be expressed in the same terms, either rms or peak.)

2) Windings having graded insulation should be tested under induced voltage conditions only and
at 130% of maximum operating voltages. Winding potentials should be related to each other
and to ground as in normal usage.

3) Windings having an induced peak voltage of more than 25% of the PWYV for either end termi-
nal, and not employing graded insulation should be tested for corona using either induced
voltages or voltages to ground, as mutually agreed by maker and user.

4) For windings operating at other than zero direct voltage to ground, the corona test should be
made with direct voltage plus alternating voltage. The applied voltages for this corona test
should be 130% of the maximum operating instantaneous voltage.

5) In all cases above, the measure of the operating and test voltages should be the same; that is,
either rms or peak.

5.1.7 Impulse tests

These tests may be specified for plate coupling transformers operating in excess of 800 V direct voltage and
for transformers in other applications, where transient voltages may occur that are in excess of twice the
PWYV and where the PWYV is greater than 1500 V. When so specified, these transformers should be capable
of passing the impulse test hereunder.

Plate coupling transformer windings should be subjected to full wave and chopped wave impulse tests using
a crest voltage equal to 10 times the maximum rated direct voltage. These tests should be made in accor-
dance with 1.2.5 of IEEE Std C57.98-1993.

5.1.8 Shield test

When electrostatic shields are included in the specification, a test should be made to determine their effec-
tiveness. This may be made as a direct capacitance measurement or other means if desired or specified, or
both. When direct capacitance is measured, each winding should be short-circuited. See 16.1.3 of IEEE Std
389-1996.

5.1.9 Exciting-current and no-load loss

These characteristics should be measured when specified. The power source used for this test shall present a
low enough impedance at harmonic frequencies so that the voltage applied to the transformer terminals is
sinusoidal at fundamental frequency to within the required limits of accuracy.

3See Annex B for recommended measuring means.
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5.1.10 Temperature-rise tests

These tests, when specified, should be made on a representative model of each new design before the trans-
former (component) is released to the customer, taking into account the specified or implied duty cycle. This
test should be made in accordance with 9.1 of this standard.

5.2 Electrical tests (recorded)

The following standard electrical tests should be made when specified by the user. The transformer terminals
normally grounded in service should be grounded, where practicable, during these tests. Response data may
be recorded in the form of curves or charts and provided with the transformers.

5.2.1 Short-circuit impedance measurements

Short-circuit impedance measurements may be specified if variations in this parameter are important or if
information is required for calculations. (See Figure 1, Figure 2, and Figure 3, and 9.3 and 9.4 of this
standard.)

5.2.2 Amplitude-frequency response measurements (see Figure 4—Figure 7)

Amplitude-frequency response measurements may be plotted in any of the following ways: frequency
response, transformer loss, and voltage amplification or attenuation. In this standard, amplitude-frequency
response will be used (see Figure 4 and Figure 8). Specific measurements should normally be specified when
the transformer is operating between matched resistive terminations; however, if variation in response is
important or if the terminations actually encountered in operation are complex or nonlinear impedances,
then the user may specify that the measurement be made with actual or simulated terminations. All terminals
should be related to ground and to each other as in the actual intended circuit.

When the transformer is measured between matched resistive terminations, the requirements may be
presented as a minimum typical curve to which the transformer will conform (see Figure 4 and Figure 8).
When variations in the transformer response are important, as when used in a feedback loop, the amplitude-
frequency response may be specified with an indicated tolerance (see Figure 7 and Figure 9).

Care should be taken in selecting applied voltage, since low-frequency response can be in error if there is
insufficient magnetizing inductance (insufficient flux density). When the amplitude or phase response, or
both, of a transformer varies substantially with the amplitude of the applied voltage, due to changes in mag-
netizing inductance and core loss with changes in flux density, the range of input voltages to the transformer
should be specified. This may be represented by curves of the output voltage versus the input voltage, or by
multiple curves of the amplitude response versus frequency for multiple values of applied signal level (see
Figure 7).

It should be noted that the actual amplitude-frequency response of a transformer, which is included in a feed-
back loop or where the source or load, or both, impedances are not constant over the specified frequency
range, may not correspond to that measured with fixed terminations.

5.2.3 Phase response measurements (see Figure 4 and Figure 5)

When terminated, as in 5.2.2, the requirements for phase response may be presented as a maximum typical
curve of phase shift versus frequency to which the transformer should conform or to which measurements
should be made at the same frequencies, as specified in 5.2.2, and with tolerances shown (see Figure 7,
Figure 8, and Figure 9).

Documents
8 Copyright © 2001 IE =& Albe qhtﬁj%sgﬁvﬁ]dent Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 09:41:10 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 111-2000


http://www.avadocuments.com/doc/ieee-111-2000
http://www.avadocuments.com/doc/ieee-111-2000

